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Methods for inhibitmg antigen-spedfic T cell responses by use of an agent which inhibits a costimulatoiy signal in T c Qs are 
disclosed. Preferably, both a first agwit ^ch Inhibits a costimulatCHry signal in the T cell (e.g^ a CTLMlg fusion protm) and a second 
agent which inhibits another T cdl fiincti<xi» such as adhesion of the T ceD to a cell pxesenting antigen to the T cell, are used to inhibit 
antigen-specific T cell responses. For example, to inhibit adhesion of a T cell to a cell presenting antigen, an anti-LFA-1 antibody can be 
used in coiyunction with a CTLA4Ig fusion protein. Alternative^, another agent which inhibits a costimulatoiy signal in T cells, such as 
an anti-B7-l antibody or an anti-B7-2 antibody can be used wzHi a second agent vMch inhibits a pxolifisative signal in the T cell eg^ an 
anti-IL-2 receptor antibody. The methods of the Invention are particularly useful for inhibitiiig graft versus host disease and for inhibiting 
lejectioii of a transplanted tissue or organ. 
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METHODS FOR INHIBrnNG ANTIGEN SPECIFIC T CELL RESPONSES 

Government Funding 

Work described herein was supported in part by U.S. Public Health Service Grants 
5 R01-CA31618, R01-CA36725, P01.CA21737, R01-AI34495 and POl-AIS 5296. The U.S. 
government therefore may have certain rights in this invention. 

Background of the Invention 

Allogeneic bone marrow transplantation (BMT) is an effective treatment for many 
10 hematological malignancies and severe aplastic anemia (see e.g., Thomas, E.D. (1983) J. 
Clin, Oncol 1:517-53 1; O'Reilly, R-J, et al. (1983) Blood St9A2'9M\ and Storb, T, et al. 
Semin. HemaioL 2:27-34). However, the alloreactivity of T cells within the donor bone 
marrow to recipient cells leads to a potentially fatal condition referred to as graft versus host 
disease (GVHD). One therapeutic approach which has been taken in an attempt to minimize 

15 or eliminate GVHD involves administration to the transplant recipient of a genial 

immunosuppressant, such as cyclosporin A or methotrexate (see e.g., Kapoor, N. et al, (1989) 
Bone Marrow Transplant 4: 153). Use of such agents, however, is associated with 
deleterious side effects, including kidney damage and an increased susceptibili^ to 
infections. Another approach taken to minimize or eliminate GVHD has hoca to deplete 

20 donor bone marrow of T cells in an attempt to remove alloreactive T cells (see e.g^, Martin, 
PJ.etal.(1987)y4£fu. Immunol 4Q:379)- While T cell depletion has been found to reduce the 
occurrence of GVHD, this treatment also reduces the success of bone marrow engraftment 
Additionally, depletion of T cells &om donor bone marrow used to treat hematological 
m al ign an c ies reduces the anti-leukemic activity (also referred to as the graft versus leukemia 

25 response, or GVL) of the donor cells (see e.g., Goldman, JJ^ et aL (1988).^^ ImerrL Med, 
1Q&:806-814; Mamont, AJ^ et al. (1991) Bfootf 2a:2120-2130). Thus, vMe the presence 
of alloreactive T cells within a bone marrow graft has the detrimCTlal efEect of inducing 
GVHD, the presence of at least some T cells within tiie graft is ben^cial both for successftil 
engraftment and for anti-leukemic responses. A therqyy that effectively inhibits the 

30 responses of alloreactive T cells within donor bone mam>w while permitting the continued 
presence and ftmction of other T cells within the graft would tiierefore be of great advantage 
in the addressing the problem of GVHD ^^^e promoting the ef&cacy of bone marrow 
engraftment. 

The induction of aT cell response has been shown to require two signals: afirst 
35 signal provided by stimulation through the antigen-spedfic T cell receptor (TCR) on the 

surface f tiie T cell, and a second signal (temied a cosdmulatoiy dgnal) provided by ligation 
ofone or more odierT cell sur&ceiecqrtors. HrigagCTimt of the TCR alone Qj^ signal l)in 
&e abs^ce of a costimnlatory signal agnal 2) indnces a state of umesponsivmess, or 
anei:gy,in1heTceIL A costimnlatory signal can be generated in a T cell by stimulation f 
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the T cell through a cell surface receptor CD28 (Harding, F. A, (1992) Nature 356:607-609). 
Ligands for CD28 have been identified on antigen presenting cells (APCs). CD28 ligands 
include members of the B7 family of proteins, such as B7-1(CD80) and B7-2 (CD86) 
(Freedman, A.S. et al. (1987) J. Immunol 123:^3260-3261 \ Freeman, GJ. et al. (1989) J, 
Immunol 141:271 4-2722; Freeman, GJ. et al. (1991) J. Exp. Med, JJ4:625-63 1 ; Freeman, 
G.J. et al. (1993) Science 262:909-911; Azuma, M, et al. (1993) Nature ^:76-79; Freeman, 
G.J. et al. (1993) J. Exp, Med 128:2185-2192). Additionally, B7 family members have been 
shown to bind another surface receptor on T cells related to CD28 termed CTLA4 (Linsley, 
P,S. (1991) J. Exp. Med 174:561-569; Freeman, GJ. et al. (1993) Science 262:909-91 1). 

The characterization of the receptors and ligands involved in T cell costimulation has 
led to ther^eutic approaches based upon induction of antigen specific T cell 
unresponsiveness by blocking of a costimulatory signal in T cells. For example, a CTX/A4Ig 
fiision protein, v4dch binds both B7-1 and B7-2, has been used to inhibit rejection of cardiac 
allografts and pancreatic islet xenografts (see e.g., Turka, L.A. et al. (1992) Proc. Natl Acad. 
Scl USA 89, 11102-11105; Lin, R etal. (1993) J. Exp. Med IZ£: 180 1-1 806; Lenschow, DJ. 
et al, (1992) Science 257, 789-792). Similarly, antibodies reactive with B7-1 and/or B7-2 
have been used to inhibit T cell prolif^tion and IL-2 production in vitro and inhibit primary 
immime responses to antigen in vivo (Hathcock K,S. et al, (1993) Science 262, 905-907; 
Azuma, M. et al. (1993) Nature 2^:76-79; Powers, GD. et al. (1994) Cell Immunol 153, 
298-31 1; Chen C. et al. (1994) J. Immunol 152, 2105-21 14). However, effective methods 
for inhibiting T cell responses in transplant situations which avoid the need for general 
immunosuppression of tiie transplant recipient and overcomes the drawbacks of T cell 
deletion in bone marrow transplants are still needed and would have widespread therapeutic 
^plications. 

Smnmarv of the Invention 

This invention features improved methods for inhibiting a T cell response to an 
antigen by use of at least one agoit vdiich inhibits a costimulatory signal in the T cell. This 
invention is based, at least in part, on tiie discovery that an inhibitor of a costimulatory signal 
in T cells can be used in vitro or in vivo to inhibit inappropriate T cell responses to antigen in 
clinical situations, such as bone marmw and organ transplantation, as well as autoimmune 
disorders and aller^c responses. The inhibitor of a costimulatory signal in T cells is 
prefaably an agent ^^di inhibits an an int^action between a recq)tor on the T cell (e.g., 
CD28 and/or CTLA4) and a costimulatoiy molecule (e.g., B7-1 and/or B7-2) on a cell 
presenting antigen to the TcelL Thus, tiie inhibitor of a costimulatory signal can be, for 
exanq)Ie, an antibody (or fiagmeot tiieteof) v^ch binds the receptor or the costimulatory 
molecale; a soluble fomi of the recqrtor or costimulatoiy molecule or a peptide fiagment or 
oflKT small iriblecole designed to inhibit a costimulatiory signal in T cells. Aprefrared 
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inhibitor is a soluble CTLA4-iiiimiinoglobulin fusion protein (CTLA4Ig) or an anti-B7-l 
antibody or an anti-B7-2 antibody (or both an anti-B7-l and an anti-B7-2 antibody). 

According to the methods of the invention, a T cell response is inhibited by contacting 
the T cell with at least one inhibitor of a costimulatory signal in an antigen specific T cell. In 
5 particular, for use in inhibiting graft versus host disease in a bone marrow transplant 

recipient, an agent such as a soluble form or CTLA4 or an anti-B7-l or anti-B7-2 antibody 
can be used to treat the donor bone marrow in vitro, to thereby inhibit donor T cell responses 
to cells expressing recipient alloantigens, prior to administration of the bone marrow to the 
recipient. 

10 In another aspect of the invention, an inhibitor of a costimulatory signal in T cells (or 

first agent) is used in conjunction with at least one second agent which, when combined with 
the first agent, inhibits inappropriate T cell responses to antigen in bone marrow or organ 
transplantation, as well as autoimmune disorders and allergic responses. In one embodiment, 
the second agent inhibits adhesion of the T cell to a cell presenting antigen to the T cell. For 

1 5 example, the second agent can act to inhibit an interaction between an adhesion molecule on 
the T cell and a ligand for the adhesion molecule on a cell presenting antigen to the T cell. 
Suitable adhesion molecule and ligands to be targeted for inhibition include LFA-1, ICAM-1, 
ICAM-2, ICAM-3, VLA^, VCAM-1, LECAM-l, ELAM-l, and CD44. Antibodies (or 
fi:agments thereof) that bind the adhesion molecule or receptor, or soluble forms of ihc 

20 adhesion molecule or receptor, can be used as the second agent in the methods of the 
invention. A preferred second agent is an anti-LFA-1 antibody. 

In another embodiment of the invention, an inhibitor of a costimulatory signal in T 
cells is used with a second agent ^^ch inhibits generation of a proliferative signal in the T 
cell, to fiiereby inhibit T cell responses to antigen. For exanq)le, an agent \^ch inhibits an 

25 interaction between a receptor on the T cell and a T cell giowfli fiictor, such as int^eukin-2 
or iiiterieuIdn-4 can be used with, for exan[q)le, a soluble fonn of Thus, the second 

agent can be an antib o dy (or fiagment thereof) v^ch binds either the receptor on the T cell or 
the T cell growth &ctor. A preferred second agent for use in the method oftheinv^tion is 
ananti-interleukin-2receptor (IL-2R) antibody (or fiag^ienttiiereof). Alternatively, &e 

3 0 second agent may act intracellularly to inhibit a proliferative signal in the T celL 

The the above-described agents are particularly useful for inhibiting graft va:sus host 
disease in a bone marrow transplant recipiCTt in \^^ch a first agent v^ch inhibits generation 
of a costimulatory signal in a donor T cell (e.g^ CrLA4Ig) and a second agent which inhibits 
adhesion of a donor T cell to a cell presenting antigen to the T cell (e.g., an anti-LFA-1 

35 antibody) are administered to a bone marrow transplant recipient to inhibit donor T cell 
responses to cells expressing recipient alloantigens. Alternatively, a second agent i^ch 
inhibits goieration of a proliferative signal in a donor T cell (e.g^ an anti-I]>2R antibody) 
can be admini stered to the recipient in cQnjunction wifli the first agent Inadditionto 
administering tiie first and second agents to die recipient, donor cells (e.g«, donor bone 
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marrow) can be contacted with the first and second agents in vitro in the presence of recipient 
cells prior to transplantation of the donor cells into the recipient. Preferably, the donor cells 
are first cultured with recipient cells in vitro as a priming step prior to being contacted with 
the first and second agents. This regimen, involving priming of donor cells to recipient 
5 antigens in vitro, followed by exposure of the primed donor cells to the first and second 

agents in vitro in the presence of recipient cells, followed by administration of the donor cells 
to the recipient along with continued treatment of the recipient in vivo with first and second 
agents, has been found to be particularly effective in inhibiting GVHD in a bone marrow 
transplant recipient. Alternatively, donor cells can be contacted with the first and second 

1 0 agents in vitro in the presence of recipient cells (preferably following preculture with 

recipient cells) and then administered to the recipient without fiirther in vivo treatment of the 
recipient with &e first and second agents. 

The methods of the invention are also usefiil for inhibiting rejection of other types of 
grafts (e.g., organ or tissue grafts such as heart, kidney, liver, lung, skin, pancreatic islets, 

15 etc.) in a transplant recipient Accordingly, the first and second agents described above can 
be administered to an organ or tissue transplant recipient In addition to administering the 
first and second agents, donor cells (such as hematopoietic cells) can also be administered to 
the recipient as a priming step prior to transplantation of the graft 

Phannaceudcal compositions suitable for administration are also within the scope of 

20 the inventioiL In one embodiment, the composition comprises an amount of a human 

CTLA4-inmiunoglobulin fusion protein or an anti-human B7-1 or B7-2 antibody (or both an 
anti-human B7-1 and B7-2 antibody) and an amount of an anti-human LFA-1 antibody in a 
pharmaceutically acceptable carrier. In ano&er embodiment, the composition comprises an 
amount of a human CrLA4-immunoglobulin fusion protein or an anti-human B7-1 or B7-2 

25 antibo(fy (or both an anti-human B7-1 and B7*2 antibody) and an amount of an anti-human 
intedeukin-2 receptor antibody in a pharmaceoticaliy acceptable carrier. 

Another aspect of the invention features novel bispedfic molecules having a first 
binding specificity for a costhnulatoiy molecule (e.g^ B7-1, B7-2, B7-3) or costimxdatoiy 
recqjtor (e.g., CTLA4, CD28) and a second binding specificity for an adhesion molecule 

30 (e,g., LFA-1, ICAM-1, ICAM-2, ICAM-3) or growfli fector receptor (e.g., IL-2R). Such 
molecules can be used in flie methods as described h^ia 
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Brief Descriprion of the Drawings 

Figure 7 is a graphic representation of the percent sxirvival of bone marrow transplant 
(BMT) recipient mice treated with either phosphate buffered saline (PBS) (control), 
CTLA4Ig alone, CTLA4Ig and anti-IL-2R or CTLA4Ig and anti-LFA-1, using a combined in 
5 vitro and in vivo treatment regimen. 

Figure 2 is a graphic representation of the mean weight in grams of BMT recipient 
mice treated with either PBS (control), CTLA4Ig alone, CTLA4Ig and anti-IL-2R or 
CTLA4Ig and anti-LFA-l, using a combined in vitro and in vivo treatment regimen. 

Figure 5 is a graphic representation of the percent survival of BMT recipient mice 
10 treated with either PBS (control), CTLA4Ig alone, anti-LFA-l alone, or CTLA4Ig and anti- 
LFA-l, using a combined in vitro and in vivo treatment regimen, or treated with CTLA4Ig 
and anti-LFA-l using an in vivo treatment regimen alone. 

Figure 4 is a graphic representation of the mean weight in grams of BMT recipient 
mice treated with either PBS (control), CTLA4Ig alone, anti-LFA-l alone, or CTLA4Ig and 
1 5 anti-LFA-l, using a combined in vitro and in vivo treatment regimen, or treated with 
CTLA4Ig and anti-LFA-l using an in vivo treatment regimen alone. 

Figure 5 is a graphic representation of the percent survival of BMT recipient mice 
treated with either PBS (control) or CTLA4IG + anti-LFA-l, using a combined in vitro and 
in vivo treatment regimen, wherein donor cells were either primed or not primed with 
20 recipient cells prior to mv/Yro treatment 

Figure is a graphic representation of the mean weight in grams of BMT recipient 
mice treated with either PBS (control) or CTLA4Ig and anti-LFA-l, using a combmed in 
vitro and in vivo treatment regimen, wherein donor cells were either primed or not primed 
with recipirat cells prior to in vitro treatment 
25 Figure 7 is a gr£5)Mc representation ofthepercmt survival of BMT recipient mic^ 

treated witii either PBS (control), CTLA4Ig alone, CTLA4Ig and anti-IL-2R or CTLA4Ig and 
anti-LFA-l, using a combined in vitro and in vivo treatment regmen, or treated with 
CTLA4Ig and anti-IL-2R in vitro and CrLA4Ig alone in vivo. 

Figure 5 is a gr^hic representation of the mean weight in grains of BMT recipient 
30 mice treated with either PBS (control), CTLA4Ig alone, CTLA4Ig and anti-IL-2R or 
CTLA41g and anti-LFA-l , using a combined in vitro and in vivo treatment regimen, or 
treated with CrLA4Ig and anti-IL-2R in vitro and CTLA4Ig alone in vivo. 

Figure P is a graphic representation of the percent survival of BMT recipient mice 
which received either untreated donor cells (control) or donor cells treated in vitro with either 
35 CTLA4Ig alone or paraformaldehyde fixed recipirat cellsL 

Figure 10 is a grapWcrqiresentationofthe pendent survival ofalloreactiveT cell 
recipioit mice treated witii eitiier PBS (control), anti-B7-l antibody, anti-B7-2 antibody, a 
combination of anti-B7*l and anti-B7*-2 antibodies, or CXLA4Ig. 



wo 9SO4320 



-6- 



PCTAJS95/07351 



10 



15 



20 



25 



30 



35 



Figure 11 is a graphic representation of the percent survival of aUoreactive T cell 
recipient mice treated ^vith either PBS (control). anti-IFN-y, anti-IL12, or with a combination 
of anti-B7-l and anti-B7-2 antibodies. 

Figure 12 is a graphic representation of the percent survival of aUoreactive T cell 
recipient mice treated with either PBS (control), a combination of anti-B7-l and anti-B7 2 
antibodies. hCrLA4Ig. Rapamycin. mIL-10. IL-12. a combination of anti-CD2 and anti- 
CD48 antibodies, or anti-gp39 antibody. 

rigure 13 is a graphic representation of the percent survival of BMT recipient mice 
seated with anti-ICAM-2 antibody, anti-gp39 or an anti-LFA-1 antibody, or in which the 
BMT was first depleted of NK cells by treatment with anti-NKI.l antibody and complement 
(anti-NKl . 1 + complement). 

Detailed npg«.^pfj«.. TiivA.| fi^« 

This invention features methods for mhibiting antigen specific T cell responses in 
vitro and/or in vivo by use of at least one agent which mhibits a costimulatory signal in T 
cells alone, or m combination witii a second agent which either inhibits adhesion of the T cell 
to a cell presenting antigen to the T ceU or inhibits generation of a proliferative signal in the T 
ceU. As used herein, the phrase "inhibiting or inhibition of a T ceU response" refers to a 
reduction in or substantial elimination of at least one T ceU response, such as T ceU 
piohfeiation, lymphokine secretion or induction of an effector fimction (e.g.. induction of 
cytotoxic T ceU activity or antibody production by B ceUs). upon exposure of the T ceU to an 

antigen. Tlie phrase "inhftiting or inMbitionofaTceU response" is intended to enc^^ 
st?>pression of tiie response of a T ceU to an antigen as weU as induction of umeq,onsive in 

theTcell to tiie antigen, also lefened to heremas induction of anergymtheTcelL ATceU 
^ch has been rendered umeqwnsive. or anergic, to a q,edfic antigen exhM 
reduced or ehminated responses (e.g, proliferation and/or tymphokine production) iqKm 
re«q,osuretDtheantigen. In one embodiment oftiie invention, the response of a donor TceH 
to aUoantigens is inhibited to reduce or substantiaUy eliminate graft vei^ 
bonemanowttanspIantrecipienL In another embodhnent. the response of a recipient TceU 
to aUoantigens is inhibited to reduce or substantially elhninate rejection of a donor graft (e g 
transplanted cells, tissue or organ). 

To inhibit a T ceU response to an antigen according to tiie methods of the Invention, a 
TceUKcontactedwidi.atIeastoneinMbitorofacostimulatorysignalintheTceUaIone or 
inconjunctionwithanoflieragenL An "inhibitor of a costimulatoiy signal" or an "agent' 
which mhibits generation of a costimulatoiy signal" interferes with, blocks or substantiaUy 

ehminates formation of or deUvery of a second signal in tiie T ceU wMdi. togeflier widi a 
finrt. anttgen qH«fic. signal mediated tim)ugh tiie TCR/CD3 oon^ 
anantigenspedficiesponsebytiieTcelL Twrically. tins second or costimulatoiy signal is 
nwdiatedlqraTceUsnifeceieoq)torsuchasCIX28and/orCTIA4(^ 
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upon interaction with a ligand such as B7-1 and/or B7-2, (or related moleciile, e.g., B7-3) on 
a cell presenting antigen to the T cell (e.g., on a B cell, on a "professional" antigen-presenting 
cell, or APC, such as a monocyte/macrophage, dendritic cell or Langerhans cell, or another 
cell type which can present antigen to a T cell, such as a keratinocyte, endothelial cell, 
5 astrocyte, fibroblast, or oligodendrocyte). An alternative example of a costimulatory 
molecule is heat stable-antigen (HSA) (Liu, Y. et al. (1992) Eur. X Immunol 22, 2855). 
Ligands such as B7-1, B7-2 or HSA which trigger a costimulatory signal in a T cell through a 
T cell surface receptor (e.g., CD28) are collectively referred to herein as "costimulatory 
molecules". T cell surface receptors to which such costimulatory molecules bmd (e.g., 

1 0 CD28, CTLA4) are collectively referred to herein as "costimulatory receptors". 

Accordingly, in one embodiment of the invention, an inhibitor of a costimulatory 
signal in a T cell is an agent v^ch inhibits an interaction between a receptor on the T cell 
and a costimulatory molecule on a cell presenting antigen to the T cell. This type of agent, 
also referred to herein as a "costimulatory blocking agent" can be a soluble form of the 

1 5 receptor on the T cell (or a related receptor on the T cell which similar binding specificity), a 
soluble form of the costimulatory molecule(s), or an antibody (or ftagment thereof) which 
binds to either the receptor or the costimulatory molecule. A preferred costimulatory 
inhibitor is a CTLA4-immunoglobulin fusion protem (CTLA4Ig), a soluble form of the 
CTLA4 receptor on T cells which Wnds to both B7-1 and B7-2. In another embodiment, the 

20 costimulatory inhibitor acts intracellularly to inhibit generation of or delivery of a 

costimulatory signal in a T cell by a CD28- and/or CTLA4-associated signal transduction 
pathway. 

In addition to use of an inhibitor of a costimulatory signal to inhibit inappropriate T 
cell responses to antigen, a second agent \^di inhibits another T cell fimction can be used. 

25 In one embodimeiil, the second agent inhibits adhesion oftheTceU to a ceU preset 
antigen to AeTcelL Preferably, this secondment inhibits an intoaction between an 
adhesion molecole on a T cell and a ligand for the adhesion molecule on a cell presenting 
antigen to the T cell (such as the cell types discussed above). The term "adhesion molecule" 
as used hsein refers to a molecule on the surface of a cell whose primary, or predominant, 

30 function is to increase the strengtfi or avidity of the interaction of tiie cell with another cell 
(e.g., the interaction between a T cell and an APC). Accordingly, a "ligand for an adhesion 
molecule" can also be conadered as an adhesion molecule (i.e», tiie second agent can inhibit 
an interaction between two adhesion molecules, one on a T cell and tiie other on a cell 
presoilmg antigen to the T cell). It is possible that an adhesion molecule, or ligand therefor, 

35 may serve an additional function(s)(e,g*, a signalling function). Exanqiles of femilies of 
adhesion molecules include integrins and selectins. In a preferred embodiment, the second 
agem to inhibit a T ceU response intCTferes an intmction 

and its Iigand(s)ICAM-l,ICAM-2 and/or ICAM-3. Alternatively, tiie second agent may 
interfeie with the activity of otiier adhesion molecules sudi as CD49 a, b, c, d, e and/or for 
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equivalents (e.g.. VLA-1, VLA-2. VLA-3. VLA^. VLA-5. VLA-6) CD29 (fibronectin 
receptor, integrin beta 1 chain), CD43 Oeukosialin), CD48 (an additional LFA-1 ligand), 
VCAM-1 (a VLA-4 ligand). CD52 (CAMPATH), CD56 (N-CAM), CD59, CD61 (beta chain 
of VNR; integrin beta 3 chain), CD62P (P-selectin), LECAM-1 (L-selectin or Mel-14), 
5 ELAM-1 (E-selectin). CD44 (also called Pgp-l), CD103 (HML-1; integrin aE subunit), 
CD104 (integrin beta 4 chain), Thy-1 and gp39 (for discussions of adhesion molecules see 
Janeway, C. et al. (1993) Curr. Opin. Immunol. 5:313-323; Mobley, JX. (1993) Semin. 
Immunol. J;221-236; Patel, D.D. et al. (1993) Semin. Immunol i:283-292; Rosen, S.D. et al. 
(1993) Semin. Immunol 5:237-247; and Picker, L.J. and Butcher, E.C. {1992) Ann. Rev. 
10 Immunol IQ:561-592). Inhibiting the binding ability of adhesion molecules on endothelial 
ceUs may be usefiil since endothelial cells are targets of GVHD (e.g., lung and liver) and of 
oigan graft rejection (e.g., lung, Uver, cardiac and kidney tissues include endothelial cells). 
The adhesion blocking agent can be, for example, a soluble form of the adhesion molecule or 
ligand for the adhesion molecule, an antibody (or fiagment thereof) which binds either the 
15 adhesion molecule or the Ugand for the adhesion molecule, or a peptide, peptide munetic or 
other form of small soluble molecule (e.g., drug) that inhibits an interaction between an 
adhesion molecule and a Ugand therefor. A preferred second agent is an anti-LFA-1 
antibody, or fiagment thereof. 

In another embodiment of the mvention, inhibition of inappropriate T cefl responses 
20 is accomplished by use of an inhibitor of a costunulatoiy signal together with a second agent 
vUdch mhibits generation of or deKvety of aproliferative signal in the T cell. An "agent 
which inhibits generation of a proliferative signal in a T ceU" interferes with formation of or 
delivery of an intraceUular signal associated with flie int^action of a T ceU growth fector 
with a growth fector receptor on the T ceU. Accordingly, in one embodiment, the second 
25 agent inhibits an interaction between a receptor on a TceU and TceUgiowfli fector. 
Preferably, the second agent inhibits an interaction between the T ccU giowfli fector 
intetieukin-2 QL-l) and an mteileukm.2 receptor (IL-2R) on a T celL Alternatively, fte 
activity of other T cell growth factors and/ortheir receptors can be targeted for mhibition. 
Other mterleukins involved in stunulation of T cells include interleukin-lct, interleukin-lp, 
30 interleukin-2, interIeukm-4, interleukin-e, inlerieukin-7, interleukux-9, intedeukin-10, 
intCTleukin-12, interIeukin-15 and interieukin-T. AdditionaUy, interferon cc, p and y, and 
tumor necrosis fector a and p, have T cell stnnnlatory capaci^. AccorxJingly, fliese 
ctyokines, or receptors therefor, can be targeted for inhibition. In one embodiment, fbe 
second agent is an antibody (or fiagment thereof) 'wAich binds either to a T ceU growth fector 
ortoagrowthfectorrecqjtoronaTcelL A preferred second agent is an anti-IL-2R 
antibody, or 6agaieat thereof In anotbec embodnnent, the second agent acts intiacdlularly 
to inhibit generation of a proliferative agnal in a T cell 



wo 95/34320 



-9- 



PCr/US95/07351 



Based upon the results obsCTved with the second agents described above, other agents 
which inhibit other surface molecules involved in T cell interactions and/or T cell activation 
can be used in conjunction with a costimulation inhibitory agent to inhibit a T cell response. 

These and other embodiments of the invention are described in further detail in the 
5 following subsections: 

L AgCTtg for Inhibiting a T Cell Rggponse 

A, Antibodies 

10 In one embodiment of the invention, an agent used to inhibit an antigen specific T cell 

response can be an antibody (or fragment thereof). Antibodies suitable for use in the methods 
of the invention are available in the art (e.g., firom the American Type Culture Collection, 
Rockville, MD, or commercially, e.g., from Becton-Dickinson or Immunotech) or can be 
prepared by standard techniques for making antibodies. The temi "antibody" as used herein 

15 refers to immunoglobulin molecules and immimologically active portions of immimoglobulin 
molecules, i.e., molecules that contain an antigen binding site which specifically binds 
(immimoreacts with) an antig^ Structurally, the simplest naturally occurring antibody (e.g., 
IgG) comprises four polypeptide chains, two heavy (H) chains and two light (L) chains inter- 
connected by disulfide bonds* It has heea shown that the antigen-binding function of an 

20 antibody can be performed by fi:agments of a naturally-occurring antibody. Thus, these 
antigen-binding fragments are also intraded to be designated by tibe term "antibody". 
Examples of binding fragments ^compassed within tiie temi antibody incltide (1) an Fab 
fragment consisting of the VL, VH, CL and CHI domains; (li) an Fd firagment consisting of 
the VH and CHI domains; (lii) an Fv fi:agmait consisting of tiie VL and VH domains of a 

25 sii^e arm ofan antibody,^) a dAb firagment (Ward etaL, (1989) 

which consists of a VH domain; (v) an isolated conq)limentarity determining re^on (CDR); 
and (vi) an F(ab72 fragmrat, a bivalent finagmrat comprising two Fab firagments linked by a 
disulfide bridge at the hinge region. Antibodies can be ficagmented using conventional 
tedmiques and the firagments screened for utility in the same manner as desoibed for whole 

30 antibodies. The tenn **antibody** is fi^rther intended to include Inspedfic and chimeri 

molecules having an antigen binding portion. Furthermore, although fiie two domains of an 
Fv firagmrat are coded for by separate graes, a synthetic link^ can be made that enables them 
to be made as a single protein chain (known as single diain Fv (scFv); Bird et al. (1988) 
Science 242:423-426; and Huston ct aL (1988) PJSMSS5:5879-5883) by recombmant 

35 methods. Siich single chaixi antibodies aie also encompass witfaiii the term 

To prepare an antibody^ spedfic for amolecule to be targeted in the metiiod of tiie 
invention (e.g^ a costimulatoxy molecule^ an adhesion molecule, a growth fector receptor, 

P^n )^ ATI nntTTiftI tg mwiiitwftri wfli an gppnnp i iflfft trmminngen- The tetm '^inmxunogen*' IS 

used hCTcin to describe a conqx)sition typically containfng a protein or peptide as an active 



wo 9504320 



PCrAJS95/07351 



-10- 

ingredient used for the preparation of antibodies against the protein or peptide. It is to be 
understood that the protem or peptide can be used alone, or linked to a carrier as a conjugate, 
or as a peptide polymer. The inununogen should contain an effective, immunogenic amount 
of tiie peptide or protem (optionally as a conjugate linked to a carrier). The effective amount 
5 of the immunogen per unit dose depends on, among other tilings, the species of animal 
inoculated, flie body weight of tiie animal and the chosen immunization regimen, as is well 
known in the art. The immunogen preparation will typically contain peptide concentrations 
of about 10 micrograms to about 500 milligrams per immunization dose, preferably about 50 
micrograms to about 50 miDigrams per dose. An immunization preparation can also include 
1 0 an adjuvant as part of the diluent Adjuvants such as complete Freund's adjuvant (CFA), 
incomplete Freund's adjuvant (IFA) and alum are materials weU known in the art, and are 
available commercially from several sources. 

Either soluble or membrane boxmd protem or peptide fragments are suitable for use as 
an immunogen. A purified form of protein, such as may be isolated from a natural source or 
expressed recombinanfly by conventional techniques known in the art, can be directiy used as 
an immunogen. Those skilled in the art will appreciate fliat, instead of using naturally 
occurring forms of protein for immunization, synthetic peptides can altematively be 
employed towards which antibodies can be raised for use in fliis mventioDu The purified 
protein can also be covalenfly or noncovalentiy modified witii non-proteinaceous materials 
such as lipids or carbohydrates to enhance immunogenicity or solubility, Altematively, a 
purified protein can be coupled with or mcorporated mto a viral particle, a replicating virus, 
or other microorganism m order to enhance immunogenicity. It is also possible to immnniyf^ 
an animal with whole cells which express a protem on then: surface against which an 
antibo<fy is to be raised (e,g^ T cells or antigen presenting cells ejcpressing surfece molecules 
ofinterestcanbeusedasimmunogens). As yet another altraiative, it is possible to use 
nuddc acid (e*g^ DNA) encoding the protem or peptide of interest as an immunogen for so- 
called genetic immunization. Thus, the term "fanmunogen" is also intended to include nucleic 
acid encoding a protein or peptide against whidi antibodies are to be raised (see e.g.. Tang, 
D.C ct al. (1992) Nature 256:152-1 54; Eisenfaraun, MD. et aL (1993) DNA Cell Biol 
12:791-797; Wang, B. et al. (1993) DNA CeUBiol 12:799-805 for descriptions of genetic 
immunization). 

Polyclonal antibodies are generally raised in animfllg by multiple subcutaneous (sc) or 
intraperitoneal Qp) injections of an immunogen and an adjuvant As an illustrative 
embodiment, animals are ^ically immunized against a protein, peptide or derivative by 
oombhiing about 1 ng to 1 mg of protein with Freund's con^lete acQ uvant and injecting the 
solution intradennally at multiple sites. One month later the aiiimals axe boosted with 1/5 to 
I/IO flie original amount of immunogen in Fr^md's CQn5)Iete adjuvant (or other suitable 
a^mrant) by subcutaneous iigection at multr^^ Seven to 14 d^ later, tiie animals are 
bled and the serum is assayed for sp edfic antibody titer (e^g., by ELISA). Annuals are 
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primed ani m als. Spleen cells are preferred, and can be mechanically separated into individual 
cells in a physiologically tolerable medium using methods well known in the art Mouse 
lymphocytes give a higher percentage of stable fusions with the mouse myelomas described 
below. Rat, rabbit and frog somatic cells can also be used. The spleen cell chromosomes 
encoding desired iromimoglobulins are immortalized by fusing the spleen cells with myeloma 
cells, generally in the presence of a fusing agent such as polyethylene glycol (PEG). Any of a 
number of myeloma cell lines may be used as a fusion partner according to standard 
techniques; for example, the P3-NSl/l-Ag4-l, P3-x63-Ag8.653 or Sp2/0-Agl4 myeloma 
lines. These myeloma lines are available from the American Type Culture Collection 
(ATCC), RockviUe, Md. 

The resulting cells, which include the desired hybridomas, are then grown in a 
selective medium, such as HAT medium, in which unfused parental myeloma or lymphocyte 
cells eventually die. Only the hybridoma cells survive and can be grown under limiting 
dilution conditions to obtain isolated clones. The supematants of the hybridomas are 
screened for the presence of antibody of the desired specificity, e^g., by immunoassay 
techniques using the antigen that has been used for immunization. Positive clones can then 
be subcloned under limiting dilution conditions and the monoclonal antibody produced can 
be isolated. Various conventional methods exist for isolation and purification of the 
monoclonal antibodies so as to free them from other proteins and other contaminants. 
Commonly used methods for purifying monoclonal antibodies include ammonixmi sulfate 
precipitation, ion exchange cfaromatograplQ^, and afSnity chromatogmphy (see, e.g., Zola et 
al. in Monoclonal Hvbridoma Antibodies: Technique s And Applications, Hurell (ed.) pp. 51- 
52 (CRC Press 1982)). Hybridomas produced according to tiiese methods can be propagated 
in vitro or in vivo (in ascites fimcQ using techniques known in ih& art 

Generally, the individual cell line may be propagated in vitro^ for example in 
laboratory culture vessels* and the culture medium containing high concentrations of a single 
spedfic monoclonal antibody can be harvested by decantation, jBltration or centrifugation. 
Alternatively, the yield of monoclonal antibody can be enhanced by injecting a sample of the 
hybridoma into a histocompatible animal of the ^e used to provide the somatic and 
myeloma cells for the original fusion. Tiunors secreting the specific monoclonal antibody 
produced by the fiised cell hybrid develop in the injected animal. The body fluids of the 
animal > such as ascites fluid or serum» provide monoclonal antibodies in high concentrations. 
When human hybridomas or EBV-hybridomas are used, it is necessary to avoid rejection of 
the xenograft iiy ected into animals such as mice. Immunodeficient or nude mice may be used 
or the h3i)ridonia may be passaged first into irradiated mide mice as a solid subcutaneous 
tumor, cidtuied in vjl>v> and tizen injected inlr^eritoneaUyiato irradiated 
nude mice vAd^ develop ascites tamers sea:eting laige amounts of specific human 
monoclonal atitibodies.vr>^::v "^^■^^n■r^l:r<:■ ^ 



wo 95/34320 



PCT/US95/073S1 



-13- 

Media and animals useful for the preparation of these compositions are both well 
known in the art and commercially available and include synthetic culture media, inbred mice 
and the like. An exemplary synthetic medium is Dulbecco's minimal essential medium 
(DMEM; Dulbecco et al. (1959) ViroL 8:396) supplemented with 4.5 gm/1 glucose, 20 mM 
5 glutamine, and 20% fetal caf serum. An exemplary inbred mouse strain is the Balb/c. 

When antibodies produced in non-human subjects are used therapeutically in humans, 
they are recognized to varying degrees as foreign and an immime response may be generated 
in the patient. One approach for minimizing or eliminating this problem, which is preferable 
to general immunosuppression, is to produce chimeric antibody derivatives, i.e., antibody 

10 molecules that combine a non-human animal variable region and a human constant region. 
Such antibodies are the equivalents of the monoclonal and polyclonal antibodies described 
above, but may be less immunogenic when administered to humans, and therefore more 
likely to be tolerated by the patient. 

Chimeric mouse-human monoclonal antibodies (i.e., chimeric antibodies) can be 

15 produced by recombinant DNA techniques known ii^jtiie art For example, a gene encoding 
the constant region of a murine (or other species) monoclonal antibody molecule is 
substituted with a gene encoding a human constant region* (see Robinson et al.. International 
Patent Publication PCT/US86/02269; Akira, et al., European Patent Application 184,187; 
Taniguchi, M., European Patent Application 171,496; Morrison et al., European Patent 

20 Application 173,494; Neuberger et al., PCT Application WO 86/01533; Cabilly et al. U.S. 

Patent No. 4,816,567; Cabilly et al., European Patent Application 125,023; Better et aL (1988 
Science 240:1041-1043); Liu et al. (1987) PiV^M:3439.3443; Liu et al. (1987) J. Immunol 
139:3521-3526; Sun et aL (1987) PiSM5M:214-218; Nishimura et aL (1987) Cane Res. 
42:999-1005; Wood et al. (1985) Nature 314:446-449: and Stow et aL (1988) J. Natl Cancer 

25 Inst. 50:1553-1559). 

A chimeric antibody can be further "humanized** by r^lacing portions of Ifae variable 
region not involved in antigen binding ^with equivalmt porticms &om human variable regions. 
General reviews of "humanized** chimeric antibodies are provided by Morrison, S. L. (1 985) 
Science 222:1202-1207 and by Oi et al. (1986) BioTechniques 4:214. Those methods 

30 include isolating, manipulating, and expressing the nucleic acid sequences that encode all or 
part of an immimoglobulin variable region from at least one of a heavy or lig^ht chain. 
Sources of such nucleic acid are well known to those skilled in the art and, for exanQ}le, may 
be obtained from an anti-CrrLA4 antibody producing hybridoma. The cDNA encoding the 
chimeric antibody, or fragment fhCTeo^ can thra be cloned into an appropriate expression 

35 vector. Suitable "humanized'* antibodies can be alternatively produced by CT)R or 

substitution (see U^S. Patent 5,225^39 to ^tt^nter; Jones et aL (1986) NcOure 321:552-525; 
Veriioeyan et aL (1988) Science 239:1534; and Bddler et aL (1988) J. Immunol Ml:4053- 
4060). ^ ^ 
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As an alternative to humanizing an mAb from a mouse or other species, a human 
mAb directed against a human protein can be generated. Tiansgenic mice carrying human 
antibody repertoires have been created which can be immunized with human protein or 
peptide immunogen. Splenocytes from these immunized transgenic mice can then be used to 
create hybndomas that secrete human mAbs specifically reactive with the human protein 
(see. e.g.. Wood et al. PCT pubUcation WO 91/00906, Kucherlapati et al. PCT publication 
WO 91/10741; Lonberg et al. PCT publication WO 92/03918; Kay et al. PCT pubhcation 
92/0391 7; Lonberg. N. et al. (1 994) Nature 3^:856-859; Green, LX. et al. (1 994) Nature 
Genet. 7:13-21; Morrison, S.L. et al. (1994) Proc. Natl. Acad Set USA 21:6851-6855; 
Bruggeman et al. (1993) Year Immunol 2:33-40; Tuafllon et al. (1993) PNAS 90:37200724- 
Bruggeman et al. (1991) Eur J Immunol 21:1323-1326; and ). 

Monoclonal antibodies can also be produced by other methods well known to those 
skilled in the art of recombinant DNA technology. An alternative method, referred to as the 
"combmatorial antibody display" method, has been developed to identify and isolate antibody 
fragments having a particular antigen specificity, and can be utilized to produce monoclonal 
antibodies (for descriptions of combinatorial antibody display see e.g., Sastiy et al (1989) 
PNAS M:512Z; Huse et al. (1989) Science 24fi:1275; and Orlandi et al. (1989) PNAS 
£^:3833). AfterimmunizmgananimaIwithanimmunogenasdescribedabove.tfaeantibody 
repertoue of the resulting B-ceU pool is cloned. Mediods are generally known for directly 
obtammg the DNA sequence of the variable regions of a diverse population of 

immunoglobulinmoleculesbyusingainixtur^ofohgomerprimersandPCR. Forinstance. 
mixed oligonucleotide primers corresponding to the 5' leader (signal peptide) sequences 
and/or framework 1 (FRl) sequences, as well as primer to a conserved 3' constant region 
pnmer can be used for PGR amplification of the heavy and li^t cham variable regions from 
anumber of murine antibodies (I^cketaL (I991)5iotec*mg«erll:152-156). Ashnilar 
strategy can also been used to an5)Iify human heavy and light diain variable 
human antibodies (Lanick et al. (1991) Methods: Con^anion to Methods in Enzymology 
2:106-110). 

As an illustrative embodiment. RNA is isolated from activated B cells for 
example, peripheral blood cells, bone marrow, or spleen pr^)arations, using standard 
protocols (e.g.. U.S. Patent No. 4,683,202; Orlandi. etaLiW^ (1989)^:3833-3837; Sastiy 
ct al., PNAS (1989) M:5728-5732; and Huse et aL (1989) Science ^:1275-1281.) First- 
strand cDNA is synthesized using primers specific for the constant region of the heavy 

chaiu(s) and each of the K and X light chains, as weU as primers fi)r the signal sequence. 
Uang variable region PGR piimos, the variable regions of both heavy and light diams are 
amplified, eacb alone or in combmation, and Kgated into ^>propriatB vectors forfiirther 
manipulation in generating the displ^ packages. Oligonucleotide primens useful in 
an^Iification protocols m^ be unique or degenerate or incorporate inosme at d^enerate 
positions. Restriction cndonncleasereoognMon sequences m^ also be incorporated mto the 
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primers to allow for the cloning of the amplified fragment into a vector in a predetermined 
reading frame for expression. 

The V-gene library cloned from the immunization-derived antibody repertoire can be 
expressed by a population of display packages, preferably derived from filamentous phage, to 
5 form an antibody display library. Ideally, the display package comprises a system that allows 
the sampling of very large diverse antibody display libraries, rapid sorting after each affinity 
separation round, and easy isolation of the antibody gene from purified display packages. In 
addition to commercially available kits for generating phage display Ubraries (e-g., the 
VhamiacisiRecombmemt Phage Antibody System, catalogno. 27-9400-01; and the Stiatagene 
10 SurfZAP™ phage display kit, catalog no. 240612), examples of methods and reagents 

particularly amenable for use in generating a variegated antibody display library can be found 
in, for example, Ladner et al. U.S. Patent No. 5,223,409; Kang et al. International Publication 
No. WO 92/18619; Dower et al. International Publication No. WO 91/17271; Wmter et al. 
International Publication WO 92/20791; Markland et al. International Publication No. WO 
15 92/15679; Breitling et al. International Publication WO 93/01288; McCafferty et al. 

International Publication No. WO 92/01047; Garrard et al. International PubUcation No. WO 
92/09690; Ladner et al. International PubUcation No. WO 90/02809; Fuchs et al. (1991) 

2:1370-1372; Hay et al. (1992) HimAntibodHybridomaslinSS; Huse et 
al. (1989) fc/e/ice 246:1275-1281; Griffthsetal. (1993) £A4BOJ'12:725-734; Hawkins etal. 
20 (1992) JMol Biol 226:889-896; Clackson et al. (1991) Nature 252:624-628; Gram et al. 

(1992) 52:3576-3580; Ganad et al. (1991) Bio/Technology 2:1373-1377; Hoogenboom 
et al. (1991) Nuc Acid Res 12:4133-4137; and Barbas et al. (1991) Pi^M^ SS:7978-7982. 

Once displayed on the suifece of a display package (e.g-, filamentous phage), the 
antibody Ubraiy is screened with a protein, or peptide fragment flieieo^ to identify and isolate 
25 padcages that express an antibody having spedfidty for die protein. Nuclac add encoding 
the selected antibody can be recovered from the displ^ package (e.&, from the phage 
genome) and subcloned into otiier expression vectors by standard lecombmant DNA 
techniques. 

In another embodiment of the phage display Ubrary screening approach, the V region 
30 domains of heavy and Ught chains are eaqjressed on tiie same polypeptide, jomed by a flexible 
linker to form a single-chain Fv fragment, and tiie scFV gene is subsequently cloned into the 
desired expression vector or phage genome. As geneiaUy described in McCafferty et aL, 
Nature (1990) 24&:552-554, complete Vr and Vl domains of an antibody, joined by a 
flexible (Gly4-Ser)3 linker can be used to produce a smgle chain antibody vtech can render 
35 the display package separable based on antigen afBnity. Isolated scFV antibodies 
immunoreacfive wfth a particular antigen can subsequentty be formulated into a 
pharmaceutical preparation for use in the subject mefliDd. 
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B. Soluble Proteins and Fusion Proteins 

In another embodiment of the invention, an agent used to inhibit a T cell response is a 
soluble form of a molecule on the surface of a T cell (e.g., a costimulatory receptor, growth 
factor receptor or adhesion molecule) or a molecule on the surface of a cell which presents 
5 antigen to the T cell (e.g., a costimulatory molecule or adhesion molecule). This soluble 
protein is capable of inhibiting an interaction between the surface form of the rnolecule and 
its ligand(s) (and/or inhibiting an interaction between a related surface molecule having 
similar binding specificity and its ligand (s)). For example, soluble forms of CTLA4, B7-1 
and or B7-2 can be used. A preferred first agent for use in the described methods is a soluble 
1 0 form of a CTLA4 molecule (in particular, a CTLA4-immunoglobuiin fiision protein) which 
binds to both B7-1 and B7-2, and can inhibit the interaction of B7-1 and B7-2 with CD28 
and/or CTLA4. 

Soluble forms of stuf ace-bound proteins can be made using standard recombinant 
DNA and protein expression techniques known in the art. Nucleic acid comprising a 

1 5 nucleotide sequence encoding the extracellular domain (or portion thereof) of a surfece- 
bound protein of interest (i.e., lacking the nucleotide sequence of the transmembrane and 
cytoplasmic domains) can be isolated and cloned into a standard expression vector, either for 
expression in prokaryotic or eukaryotic cells. The ejqjression vector is introduced into an 
appropriate host cell (e,g^ E. coli for prokaryotic expression; yeast or mammalian cells, e-g., 

20 COS, CHO or NSO cells, for eukaryotic expression) and the cells are cultured to allow for 
expression of the protein encoded therein* The protein is then purified by standard 
techniques fi-om harvested host cells or, if flie protein is secreted firom the cells, from the 
media in which the cells are cultured* 

The extracellular domain (or portion thereof) of a sur£tce-bound protein can be 

25 expressed recombinantly as a non-fiision protein, or more preffflably, is esqiiessed as a fusion 
protein with a second protein or polypeptide. As used herein, the teiin ''fusion protdn" refers 
to a jyrotem composed of a first polypeptide operatively linked to a second, heterologous, 
poljrpeptide, A preferred type of fusion protein to be used as an agent in the methods of ttie 
invention is an immunoglobulin fusion protein (e.g., CTLA4Ig). The term "immxmoglobulin 

30 fusion protein" refers to a fusion protein in vsdiidi tiie second, heterologous polypeptide is an 
immunglobulin constant region, or portion thereof. Immimoglobulin fusion proteins have 
been desoibed extensively m the art (see e.g., U^S. Patent No. 5,1 16,964 by Capon et aL; 
Capon, D J. et al. (1989) Nature 232:525-531; and Arufifo, A. et al, (1990) Cfe//^:1303. 
1313), and ^ically include at least a functionally active hinge region, CH2 and CH3 

35 domains of a constant region of an inmxonoglobulin heavy chain (e.g., human Cyl). 

Construction of a B7-1-Ig fosi n protein and a CD28Ig fusion protein is described in detail in 
Linsley, P,S, et aL (1991) J. Exp. Med. 121:721-730. Construction of a CJnLA4Ig fii^on 
protem is described in detail in Linsley, p^. et aL (1 991) J. Esqp, Med. 134:561-569 and 
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Gimmi, CD. et al, (1993) Proc. Natl Acad Set USA 2Q:6586. Other Ig fusion proteins (e.g., 
B7-2-Ig) can be similarly prepared. 

C. Bispecific Agents 

5 Another aspect of the invention pertains to novel bispecific agents for use in 

inhibiting inappropriate T cell responses to antigen in clinical situations, such as bone 
marrow and organ transplantation, as well as autoimmune disorders and allergic responses. 
Based in part on the discovery that an agent which inhibits of a costimulatory signal in T cells 
can be used in vitro or in vivo in conjunction with another agent which either inhibits 

1 0 adhesion of a T cell to a cell presenting antigen to the T cell or inhibits generation of a 
proliferation signal in T cells, novel bispecific agents or molecules incorporating the 
fimctions of both agents can be designed and produced. Accordingly, bispecific agents 
comprising a first binding specificity for a costimulatory molecule or a costimulatory receptor 
and a second binding specificity for an adhesion molecxde are within the scope of this 

1 5 invention. A first binding specificity for a costimidatory molecule, such as B7-1 or B7-2 can 
be provided for by an anti-B7-l antibody, or firagment tiiereoj^ or an anti-B7-2 antibody, or 
firagment thereof. Alternatively, a single antibody which binds both B7-1 and B7-2 can be 
used PrefCTably, the first binding specificity for B7-1 and B7-2 is provided for by an Fv 
firagment (Le., an Vjj and Vl of an vsiiole antibody). In addition, the B7-1 or B7-2 binding 

20 specificity can be provided for by a CTLA41g fiision proteiiL In another embodiment, the 
first binding spedficity is for a costimulatory receptor, such as CD28 or CTLA4- In fiiis 
embodiment, the CD28 or CTXA4 binding specifiicity is provided for by an anti-CD28 
antibody, or firagment thereof (e*g., Fv fiagment), or an anti-CTLA4 antibody, or fiagment 
thereof (e.g^ Fv firagment). 

25 In addition to a binding specificity for a costimulatory molecule or a costim u la to ry 

reenter, the bispecific agCTts of the invention have a second binding spedficity for an 
adhesion molecule, swch as LFA-1 or LFA-1 (as previously described herein) or a growth 
factor receptor, such as interleukin-2 receptor (IL-2R), or oflier growth factor receptor (as 
previously described herein). Thus, the second binding specificity can be provided for by a 

30 soluble form of the adhesion molecule/growfh &ctor receptor (e.g., LFA-lIg fiision/IL-2Ig 

fiision) or antibody specifically reactive wifli the adhesion molecule/growfli &ctor receptor or 
adhesion molecule ligand, or firagment tiiereof (e.g., Fv firagment). 

The novel bispecific agents of the invention can be produced by standard techniques 
such as fliose used for tfie production of bispe^fic antibodies. For example, bispedfic 

35 antibodies can be made by fiision of two hybridomas witii two differmt spedficities (see .g*, 
^fitodn, C and C^eUo,A.C- (1983) Mtfi/reiQS:537-540). AltOTatively, recombinant 
bispecific firagmeots can be made, such as by chemical orosslinking of the hinge ^rsteine 
-leddues of two antibodies (see e.g^ Sha^ 

by faftiwHitig a CMemmud pqitide that promotes dimerization (see e^ Kostehiy» SA. et aL 
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(1992)^ Immmol 148:1547-1553; and Pack. P. et al. (1992) ^/ocW^/y,; 11:1 579-1 584) 
A bispecific agent composed of two linked antibody Fv fragments (i.e., and Vl regions) 
can be prepared as described in HoUinger, P. et al. (1993) Proc. Natl Acad. Sci. USA 
20:6444-6448). Additionally, fusion proteins, such as immunoglobulin fusion proteins (e.g., 
CTLA4Ig, B7-1-Ig or B7-2-Ig) can be incorporated into a bispecific agent using standard 
recombinant DNA techniques or chemical crosslinking techniques. For example the 
mimunoglobulin constant region of the fusion protein can be linked to a second molecule 
havmg a second binding specificity (e.g., antibody or fragment thereof). 

10 D. Additional Blocking Agents 

Alternative to an antibody (or fragment thereof, soluble receptor or ligand (or portion 
thereof), or bispecific form of these molecules, other molecules which inhibit interactions 
between ceU surface molecules are withm the scope of the invention for use in inhibiting T 
cell responses. For example, a peptide, peptide mimetic, or other fonn of small molecule 

15 (such as a drug) which inhibits an interaction between a receptor and a costimulatoiy 
molecule can be used to inhibit a costimulatoiy signal in a T ceU. Similarly, apeptide. 
peptide mhnetic, or other fonn of smaU molecule (such as a drug) which inhibits adhesion or 
a T cell to a cell presenting antigen to the T cell, or inhibits an mtemction between a T ceU 
growth fector and its receptor on a T cell, can be used as a second agent in conjunction with a 

0 costimulationmhibitoiy agent to inhibit a T cell response. 

E. Intracetttdar Agents 

In other embodiments of the described methods, an agent which acts intraceUuIarly to 
interfere with the formation of an intracellular signals) associated with a particular signal 

5 tonsductionpatfawaycanbeusedtoinhfl^itaTceUiesponse. Forexanq)le.ac^ 
inhibitory agent as described herein can be an agent Oat acts intraceUulaiiy to inhibit a 
CD28-arCTLA4.assodatedsignaltiansductionpafliway. CD28 stimulation has been shown 
to result in protein tyrosine phosphorylation in T cells (see e.g^ Vandenbeighe, P. et al. 
(1992) J. Exp. Med. 125:951-960; Lu. Y. et al. (1992) J. Immunol 142:24-29). Accordingly. 

) a tyrosme kmase mhiWtor, such as herijunycin A, can be used as a first agent to inhibit a 
CD28-assodated signal transduction pathway, hereby mhibiting generation of a 
costunulatory signal in the T celL Alternatively, a CD28-associated signal transduction 
pathway can be inhibited usmg an agent vMch stunulates protein tyrosme phosphatase 
activity in a T cell, thereby decreasmg the net amount of protein ^sine phosphorylation. 
For example, an antibody directed ag^ the ceUular tyrosine phosphatase CD45 can be 
med to stimulate tyrosme phosphatase activity in a T ceU expressing CD45 on its surfece. 
Other intraceUnlar signals rqjoited to be assodated with CD28 ligation include increased 

phoq)hoKpaseCactivi^(seee.g^Nunes. J. etaL(1993)5fecftciw:j: 221:835-842) and 
increased inHaceHular calcium levels (see eg. Ledbetter. JJL etaL (1990) 5W2S:1531- 
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1539). Accordingly, an agent which inhibits phospholipase C activity and/or inhibits 
increases in intracellular calcium levels can be used to inhibit the generation of a 
costimulatory signal in a T cell. 

Additionally or alternatively, a second agent, which inhibits generation of a 
5 proliferative signal in a T cell (used in conjunction with the costimulation inhibitory agent) 
can act intracellularly to interfere with formation of an intracellular signal(s) associated with 
the interaction of a T cell growth factor (e.g., IL-2) with its receptor (e.g., IL-2R). 
Interleukin-2 has been reported to induce tyrosine phosphorylation in T cells (see e.g.. Mills, 
G. et al. (1990) J. BioL Chem. 265:3561-3567). Accordmgly, a tyrosine kinase inhibitor, 

1 0 such as herbimycin A, can be iised to inhibit generation of a proliferative signal in a T cell. 
Additionally, certain immunosuppressive drugs, such as cyclosporin A, function at least in 
part by inhibiting the production of IL-2 by T cells, thereby interfering with the normal 
autocrine growth mechanism of T cells. A drug that inhibits the production or function of IL- 
2, or other T cell growth factor, may thus be useful for inhibiting generation of a proliferative 

15 signal in a T cell. 

R Compositions 

The first and second agents used according to the described methods to inhibit a T cell 
response can be formulated into pharmaceutical compositions suitable for administration to a 

20 subject in vivo. Accordingly, another aspect of the invention pertains to pharmaceutical 

compositions. A preferred composition of the invention comprises a CTLA4Ig fusion protein 
and an anti-LFA-1 antibody, in an amount effective to inhibit a T cell response, and a 
pharmaceutically acceptable carrier. Anodier pr^crred composition of the inv^tion 
composes a CTLA4Ig fusion protein and an anti-IL-2R antibody, in an amount effective to 

25 inhibit a TceU response, and a pbarmaceiiticaUy acceptable cairie^^ 

The agCTts of tiie invendon areadministetedto subjects in a biologically coiiq>atible 
form suitable for pharmaceutical administration in vivo to inhibit a T cell response. By 
"biologically compatible form suitaible for administration in vivo'' is meant a form of the 
protein to be administered in ^^^ch any toxic effects are outweighed by the tfa^:;^eutic 

30 effects of the ligand. The temisiibject is intended to include living organisms in whidi an 
immune response can be elicited, e.g., mammals. Examples of subjects include humans, 
monkeys, dogs, cats, mice, rats, and transgenic species thereo£ 

Administration of a therapeutically active amount of the agents described herein is 
defined as an amount effective, at doss^es and for periods of time necessay to achieve the 

35 desued result Forexample,athei^ewticalIy active amount of a (niA4Ig fusion pr^ 

together with a Iher^eutically active amoimt of either an anti-LFA-1 antibod|y or anti-IL-2R 
antibody, may vary according to &ctois sudi as the disease state, age, sex, and wdght of the 
individual, and ihe ability of fitaon proton and antibody to elicit a desired response in^ 
indi^duaL Dosage regimens may be adjusted to provide the opt imu m fiierape u tic response. 
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For example, several divided doses may be administered daily or the dose may be 
proportionally reduced as indicated by the exigencies of the therapeutic situation. 

The active agent (e.g., antibody and/or fusion protein) may be administered in a 
convenient manner such as by injection (subcutaneous, intravenous, etc.). oral administration, 
inhalation, transdermal application, or rectal administration. Depending on the route of 
administration, the active compound may be coated in a material to protect the compound 
fiom the action of enzymes, acids and other natural conditions which may inactivate the 
compound. To administer an agent by other than parenteral administration, it may be 
necessary to coat the agent with, or co-administer the agent with, a material to prevent its 
inactivation. An agent may be administered to an individual in an appropriate carrier or 
dHuent, co-administered with enzyme inhibitors or in an appropriate carrier such as 
liposomes. Phannaceutically acceptable diluents include saline and aqueous buffer solutions. 
Enzyme inhibitors include pancreatic trypsin inhibitor, diisopropylfluorophosphate (DEP) 
and trasylol. Liposomes include water-in-oil-in-water emulsions as well as conventional 
liposomes (Stiejan et aL, (1 984) J. Neuroimmunol 2:27). Dispersions can also be prepared in 
glyoerol. Hquid polyethylene glycols, and mixtures thereof and in oils. Under ordinary 
conditions of storage and use, these preparations may contain a preservative to prevent the 
growth of miax>organisms. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions or dispersion. In all cases, the composition must be 
sterileandmtist be fluid totheextentthat easy syringability exists. It must be stable under 
Ihe conditions of manufecture and storage and must be preserved agamst the contaminating 
action of microoiganisms such as bacteria and fungi. The carrier can be a solvent or 
dispersion medium contaming, for example, water, an isotonic buffered saline solution, 
edianol. polyol (for example, glycerol, propylene glycol, and liquid polyeflieylene glycol, and 
flie Hke), and suitable mixtures thereof. The proper fluidity can be maintained, for exanq>Ie, 
by the use of a coating such as lecithin, by the mamtenance of the required partide size in the 
case of dispersion and by the use of surfectants. Prevention of the action of microorganisms 
can be adiieved by various antibacterial and antifungal agents, for example, parabens, 
dilorobutanol, phenol, ascorbic acid, thimerosal. and the like, hi many cases, it will be 
preferable to mclude isotonic agents, for example, sugars, polyalcohols such as manitol, 
sorbitol, sodium chloride m the composition. Prolonged absorption of the injectable 
compoations can be brought about by mcludmg m the composition an agent vdiich delays 
35 absorption, for example, alummummonosteaiate and gelatin. 

Sterile mjectable solutions can be prepared by mcorporating the active agent m flie 
lequhed amotmt of an ^ipropriate solvent with one or a combmaiion of mg^ 
-cnumetaied above, as lequfaB^ GeneraHy.disjiersionsate 
' prqjared by hicoiporatmg the active conqwund into a sterile vddde vMs^ contams a basic 
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dispersion medium and the required other ingredients from those enumerated above. In the 
case of sterile powders for the preparation of sterile injectable solutions, the preferred 
methods of preparation are vacuum drying and freeze-drying which yields a powder of the 
active ingredient (e.g., antibody) plus any additional desired ingredient from a previously 
5 sterile-filtered solution thereof. 

When the active compound is suitably protected, as described above, the compound 
may be orally administered, for example, with an inert diluent or an assimilable edible 
carrier- As used herein "pharmaceuticaliy acceptable carrier" includes any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption 
1 0 delaying agents, and the like. The use of such media and agents for pharmaceodcally active 
substances is well known in the art Except insofar as any conventional media or agent is 
incompatible with the active compound, use thereof in the therapeutic compositions is 
contemplated. Supplementary active compounds can also be incorporated into die 
compositions. 

15 It is especially advantageous to formulate parenteral compositions in dosage unit form 

for ease of administration and uniformity of dosage. Dosage unit form as used herein refers 
to physically discrete units suited as unitary dosages for the mammalian subjects to be 
treated; each tmit containing a predetermined quantity of active compound calculated to 
produce the desired therapeutic efifect in association with die required pharmaceutical carder. 

20 The specification for the dosage unit forms of the invention are dictated by and directly 
dependent on (a) the unique characteristics of the active compound and the particular 
thoixipeutic efifect to be achieved, and (b) tiie limitations inherent in die art of compounding 
such an active compound for the treatment of s^isxtivity in individuals. 

25 IL Usgg of the InvCTtion 

The mediods of the invention can be usedto inhibit T cell responses d&er in vitro or 
in vivo by contacting a T cell with a costimulation inhibitoiy agent, optionally wiffa a second 
agent as described herein. Accordingly, the tenn "contacting" as used herein is inlmded to 
include incubating (or culturing) a T cell with the first and second agent and administering a 

30 first and second agent to a subject The methods of die invention are useM in diCTE^eutic 
situations where it is desirable to inhibit an unwanted T cell response, as described in furdier 
detail in the subsections to follow. Additionally, as demonstrated in the Examples, the 
methods of the invention induce antig^c nonresponsiveness in a T cell tiiat persists after 
cessation of treatment ^e^ antigenic nonresponsivraess persists in vivo after administration 

35 oftiie first and second agents is stoppec^ Thus, die methods ofthe invention are usefcd for 
mducing T cell aneigy, IhCTeby providing a means for long-tenn inhibition of T cell 
responses in a variety of clinical situations witiiout die need for chronic genaslized 
inmixmosiQ3pression of a subject with its attendant deleteno^ 
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A. Bone Marrow Transplantation - Inhibition ofGVHD 

The methods of the invention are particularly useful for inhibiting graft versus host 
disease which results from allogeneic bone marrow transplantation. It has previously been 
observed that the presence of mature donor T cells within a bone marrow graft is beneficial 
both for successful engraftment and for a graft versus leukemia response. However, the 
presence of mature donor T cells in the graft induces GVHD. As demonstrated in the 
Examples, it is possible to inhibit responses of alloreactive donor T cells by use of a 
costimulation inhibitory agent (e.g., a costimulation blocking agent, such as CTLA4Ig) or by 
the combmed use of a costimulation inhibitory agent and a second agent which inhibits 
another donor T ceU fiinction. These treatments thus allows mature T cells to be present 
within transplanted donor ceUs, thus avoiding GVHD and promoting bone marrow 
engraftment Moreover, T cell unresponsiveness to alloantigens is induced, thereby 
providmg long-temi inhibition of T cell responses without the need for x^ontinuous treatment 
of the bone marrow recipient. 

Because the T cells to be inhibited in a bone marrow transplant situation are donor T 
ceUs which are available in vitro prior to transplantation, aUoreactive donor T cell responses 
can be be inhibited in vitro, in vivo or. most preferably, using a combined in vitro/ in vivo 
treatment regiment (see the Examples). Accordingly, in one embodiment, graft versus host 
disease in a bone marrow transplant redpient is inhibited by contacting apopulation of donor 
T cells in vitro (prior to transplantation) with 1) a second population of cells expressing 
recipient alloantigens (such as recipient cells or cells from another source which share 
recipient aUoantigens, eg., major or minor histocompatibiUty antigens) and 2) an agent 
which inhibitsacostimulatoiysignalinadonorTcelL In another embodiment, the donor T 
cells are contacted with 1) and 2) described above, and 3) a second agent which either mhibits 
adhesion of a donor T ceU to cells aqnessing recipient aUoantigens or inhibits genoation of a 
proIiferativesignalinfliedonorTcelL In one embodiment, the agent i«*ich inhibits a 
costhnulatoiy signal Ci.e..fte first agent) is a CTLA4Ig fusion protein Inanother 
embodiment, the first agent is an anti-B7-l or anti-B7.2 antibody (or fragment therof) or both 
anti-B7-l and anti-B7-2 antibodies (or a single antibody which binds both B7-1 and B7-2). 
In one embodiment, the second agent is either an anti-LFA-1 antibody or an anti-IL-2R 
antibody. The second population of cells, vrfiich express recipient aUoantigens. are typicaUy 
treated such that fliey cannot proUferate and/or are not metabolicaUy active, e.g., the ceUs are 
irradiated and/or treated widi patafonnaldehyde. 

In the method, the population of donor ceUs contacted with the inhiWtory agent(s) 
includematurcdonorTceUs. Accordingly, the population of donor ceUs used in the method 
can be, for exaaxple, tiie bone marrow ceUs themselves v<*ich are to be transplanted mto the 
recq)ientwiiidiliavenotbeenTcdldq>leted. Alternatively, or additionaUy, the source of 
mature donor T dsUs can be donor peiq)heial blood ceUs. splenocytes or other suitable source 
of donorTodls. mmimn^jonemanowTcens (e-g., peripheral bloodTceUs or 
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splenocytes) are used as the source of mature T cells which are contacted with the inhibitory 
agent(s), the subsequent bone marrow graft includes a mixture of bone marrow cells and non- 
bone marrow cells (i.e., bone marrow cells together with mature donor T cells in which 
alloreactivity has been inhibited). 
5 It has been found that primed T ceils are more susceptible to inhibition by the 

inhibitory agents described herein than unprimed T cells (see Experiment 3 in the Examples). 
Accordingly, in a preferred embodiment, the in vitro treatment regimen involves culturing the 
donor cells with the recipient cells in vitro in the absence of the inhibitory agent(s) prior to 
adding the inhibitory agent(s) to the culture in vitro. For example, donor cells (including 

1 0 donor T cells) are cultured with the second population of cells expressing recipient 

alloantigens (e.g., recipient hematopoietic cells) in a typical mixed lymphocyte reaction 
(MLR). The cells are cultured for a suitable length of time to induce alloreactive T cells, e.g. 
one to three days. This step serves to prime donor alloreactive T cells to recipient 
alloantigens. Following this priming step, the inhibitory agent(s) are added to the culture, 

1 5 e.g., after about 1 8 to 36 hours of priming, the inhibitory agents can be added for several 
hoiurs to the culture prior to transplantation of cells into the recipient. 

Following in vitro culture of donor cells with cells expressing recipient alloantigens 
and inhibitory agent(s) (preferably, with priming of donor cells to recipient alloantigens), the 
donor cells are administered to the recipient (if the donor cells used in the in vitro culture do 

20 not include bone marrow cells, e.g., if peripheral blood cells or splenocytes are uses as the 
source of mature donor T cells, then T-cell depleted bone marrow cells are also administered 
to the recipient). 

In another embodiment, following in vitro treatment and administration of donor cells 
to the recipient, the recipient is ftirtfaer treated in vivo with the inhibitory agcsA(s). That is, a 

25 costimidationinMbitory agent can be administered to die recipient alone or wifli a 

agent, such as an adhesion blocking agent or a proliferation blocking agrat Alternatively, 
the second agent alone can be administeted to the recipient In another embodiment, the 
recipient is only treated in vivo wiOi the inhibitory agent(s) (i.e., by administering 1hc agent(s) 
to the recipient). In this embodiment, the in vitro culture of donor and redpient cells, and 

30 treatment thereof with one or more hihibitory agents, is omitted* 

B. Tissue and Organ Transplantation 

The methods of the invention can also be called to other transplant situations, such 
as transplantation of allogeneic cells, such as allogeneic cells present within a tissue or organ 
35 (e.g., pancreatic islets, skin, heart, liver; lung, kidney etc,), to inhibit rgection of tiie 
allogeneic cells by tiie recipient To inhibrt rejection fallogeniric cells in a transplant 
recyient, a combination of two agaits is administCTed to the recipient: 1) a first agent \diich 
inhibits a costimulatory signal inarecipi^ T cell, and 2) a second agent whidi either 
inhibits adhesion of a recipient T cell to a ceU &at presents antigen to the recipient T cell or 
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inhibits a proliferative signal in the recipient T cell. For example, the first agent can be a 
CTLA4Ig fusion protein, anti-BT-l antibody or anti-B7-2 antibody (or antibody which binds 
both B7-1 and B7-2). The second agent can be, for example, either an anti-LFA-1 antibody 
or an anti-IL-2R antibody. 

Since, as previously discussed above, primed alloreactive cells may be more 
susceptible to inhibition by the combined first and second agents than unprimed T cells, the 
method for inhibiting rejection of a graft in a transplant recipient can include a pretreatment 
step involving administration of donor cells (e.g., donor hematopoietic cells) to the recipient 
prior to transplantation of a tissue or organ graft to prime recipient T cells to donor 
alloantigens. After this pretreatment, the tissue or organ graft is transplanted and the first and 
second inhibitory agents are administered to the recipient The responses of primed donor- 
specific alloreactive T cells in the recipient are inhibited upon subsequent exposure to donor 
alloantigens within the graft in the presence of the first and second inhibitory agents. 

Additonally or alternatively, the method for inhibiting rejection of allogeneic cells by 
a recipient can involve pretreatment of the graft ex vivo with the inhibitory agents described 
herein prior to transplantation into the recipient For example, antibodies, fiision proteins or 
other inhibitory agents can be incubated with allogeneic cells or tissues, or perfused mto 
organs (e.g., the inhibitory agents can be introduced into the organ, the input and output 
vessels can be clamped to allow the agents to bind to target molecules within the organ, and 
then the organ can be transplanted into the recipient). Followmg transplantation, the recipient 
can be further treated with flie inhibitory agents in vivo (e.g^ by administering the agents to 
the recipient). 

C Ataoimmtmiiy 

Inhibition of T cell responses according to flie me&ods of the invention may also be 
tfaerapeulically useful for treating aotoimnume diseases. Many autoimmune disorders are the 
result of inappropriate activation of T cells fbat are reactive against self tissue (Le^ reactive 
against auloantigens) and promote the production of cytokines and autoantibodies involved in 
the pathology of the diseases. Preventing the activation ofautoreactiveT cells thus may 
reduce or eliminate disease syn5)toms. Administration to a subject suffering fi^om an 
autoimmune disease of a costimulation inhibitory agent in conjunction with a second agent 
for inhibiting T cell responses as described herein can be used to prevent the production of 
autoantibodies or T cell-derived cytokines ^ch may be irrvolved in the disease process. To 
treat an autcdmmime disorder, a first agent (e.g^ CrLA4Ig) and a second agent (e.g., anti- 
LFA-1 mAb or anti-rL2R m Ah) smt rv^arfTiitnigt<*rpri tn in!bjm in nmi of treatment 
Alternatively, for autoimmune disorders wrfli a known autoantigen, the autoantigen can be 
coadministered to flie subject with first and secoiidagCTls^ w ^ . 

This mediodnmy be useful in the treatment f a vadle^ of antoinmxune diseases and 
disorders having an autoimimme component, including diabetes mellitns, arduitis ^duding 
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rheumatoid arthritis, juvenile rheumatoid arthritis, osteoarthritis, psoriatic arthritis), multiple 
sclerosis, myasthenia gravis, systemic lupus erythematosis, autoimmime thyroiditis, 
deraxatitis (including atopic dennatitis and eczematous demiatitis), psoriasis, Sjogren's 
Syndrome, including keratoconjunctivitis sicca secondary to Sjogren's Syndrome, alopecia 
5 areata, allergic responses due to arthropod bite reactions, Crohn's disease, aphthous ulcer, 
iritis, conjimctivitis, keratoconjimctivitis, ulcerative colitis, asthma, allergic asthma, 
cutaneous lupus erythematosus, scleroderma, vaginitis, proctitis, drug eruptions, 
leprosy reversal reactions, erythema nodosum leprosum, autoimmime uveitis, allergic 
encephalomyelitis, acute necrotizing hemorrhagic encephalopathy, idiopathic bilateral 
10 progressive sensorineural hearing loss, aplastic anemia, pure red cell anemia, idiopathic 
thrombocytopenia, polychondritis, Wegener's granulomatosis, chronic active hepatitis, 
Stevens-Johnson syndrome, idiopathic sprue, lichen planus, Crohn's disease. Graves 
ophthalmopathy, sarcoidosis, primary biliary cirrhosis, uveitis posterior, and interstitial lung 
fibrosis. 

15 

D. Allergy 

The IgE antibody response in atopic allergy is highly T cell dependent and, thus, 
inhibiting responses by allergen-specific T cells may be usefiil therapeutically in the 
treatment of allergy and all^gic reactions. For example, a combination of a 

20 costimulation inhibitory agrat and second agent as described herein can be administered 
to an allergic subject e3q}osed to an allergen to inhibit responses by allergen-specific T 
cells, thereby downmodulating alleigic responses in the subject Administration of tiie 
first and second agents may be accompanied by enviromental exposure to the allergen or 
by coadministration of the allergen to the subject. Allergic reactions may be systemic or 

25 local in nature, depending on tiie route of eiitty of the aUergen arid the pattenio 
deposition of IgE on mast cells or basophils* Thus, it may be nec^saiy to inhibit 
allergen-specific T cell responses locally or $3^einically by proper administiation of tiie 
first and second agents. For example, in one embodiment, a first agent (e.g., CTLA4Ig), 
a second agent (e.g., anti-LFA-1 mAb or anti-IL-2R mAb) and an allergen axe 

30 coadministered subcutaneously to an allergic subject 



This invention is fiirther illustrated by the foUovdng exanq)les which should not be 
constraed as limiting. The contents of all references, patents and published patent 
applications cited throughout this application are hereby incorporated by reference. 

35 
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EXAMPLES 

In the examples, an animal model for graft versus host disease was used to examine 
the ability of various agents to inhibit T cell responses, as assessed by inhibition of GVHD. 
In this system, C57BL/6 (B6)(H-2^ donor cells are transplanted into BlO.BR/SgSnJ 
(B10.BR)(H-2t») recipient mice. Thus, this system utilizes donors and recipients that are 
fully mismatched at histocompatibility loci. EfiBcacy of a therapy in this animal model may 
be predictive of efiScacy in humans, both in unrelated donor and matched sibling donor BMT. 
This system has previously been used to evaluate other therapies for inhibiting GVHD, such 
as treatment with rapamycin (Blazar, B.R. et al. (1993) J. Immunol 111:5726-5741; Blazar, 
B,R. et al, (1993)^nn. N.Y.Acad ScL 6SS:73-85), ricin immunotoxins (VaUera, D.A. et al, 
(1991) Blood Ttl22A94\ radiolabeled anti-Ly-1 (VaUeia, D.A. et al, (1991) Cancer 
Research 51:1891-1897) and anti-CD3 (Blazar, B.R. et al. (1993) J. Immunol 15Q:265-277; 
Blazar, B,R. et al. (1994) J. Immunol 152:3665-3674), . 

In the system, the donor cells comprise a mixture of T cell-depleted bone marrow and 
splenocytes, as a source of mature T lymphocytes. Agents used to inhibit T cell responses, 
either alone or in combination, were a CTLA4Ig fusion protein, an anti-LFA-1 antibody and 
an anti-IL-2 receptor antibody. Different treatment regimens were also examined. Some 
recipient a nimals were treated with the various agents only in vivo^ starting the day before 
bone marrow transplantation. For o&er recipient animals, a combined in vitro/in vivo 
treatment regimen was used. In this regime prior to transplantation, the donor splenoc3rtes 
were incubated in vitro with irradiated recipient cells, in the presence or absence of the 
various inhibitory agents (e.g., antibodies and/or fusion protein). In some escpraments, donor 
splenoc3^ were first cultured with irradiated redpiCTt cells in a mixed lymphocyto reaction 
(MLR) in the absence of any inhibitory agents (to prime alloreactrve donor T cells), followed 
by addition of the various inhibitory agents to the MLR culture for several hours prior to 
transplantation of flie donor cells. Treatment of the lecqsient anfmalg was then continued by 
in vivo administration of the various inhibitory agents. In yet another treatment regimen, 
donor splenocytes were cultured in vitro with irradiated recipient cells in the presence of 
CTLA4Ig or with paraformaldehyde-fixed recipient cells alone, followed by transplantation 
without finrther in vivo treatment of the recipients. The severity of graft versus host disease 
was determined by a number of assays, including survival time of tiie recipirat mice in days 
post-BMT and mean body weight of the recipient mice post-BMT (body weight decreases as 
a side effect of GVHD), 

The following methodology was used in the examples: 

Tgst ATiimals 

B10£R/SgSiJ (H-2^ recipient mice were purchased fix>m Jackson Laboratory (Bar 
Haifoor^ME). 0578176 ^-2^ donor mice were purchased form tiie National bistitutes of 
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Health (Bethesda, MD). Donors and recipients were female. Female donors were 4-6 weeks 
and female recipients were 8-10 weeks at the time of BMT. 

Bone marrow transplantatinn 

The transplant protocol used herein has been described in detail (Blazar, B.R. et al. 
(1990) Blood 2^J9%y BIO.BR recipients were conditioned with 8,0 Gray (Gy) total body 
irradiation (TBI) administered from a Philips RT 250 Orthovoltage Therapy Unit (Philips 
Medical Systems, Germany) filtered through 0.35 mm Cu at a final absorbed dose rate of 
0-41 Gy/minute at 225 kV and 17 mA. Donor bone marrow (BM) was collected in RPMI 
1 640 mediimi by flushing it from the shafts of femurs and tibias. Recipients (8 mice per 
group per e^eriment) received 25 x 10^ BM cells from C57BL/6 donors that had been T-cell 
depleted (TCD) with anti-Thyh2 antibody (mAb) (hybridoma 30-H-12, rat IgG2b, provided 
by Dr. David Sachs, Cambridge, MA) + C as previously described (see Blazar, B.R.et al. 
(1990) Blood 21:79B; Blazar, B.R. et al. (1991) Blood m3093; Blazar, BIL et al. (1991) J. 
Immunol. 142^1492) mixed with splenocytes as a source of GVHD-causing T lymphocytes. 
Single cell suspensions of splenocytes were obtained by passing minced spleens through a 
wire mesh and collecting them into RPMI 1640. Splenocytes were suspended with BM at a 
concentration of 10^ cells/ml to create a bone marrow-splenocyte population (BMS). A 0.5 
ml aliquot of BMS, containing 25 x 10^ BM + 25 x 1 0^ splenocytes (50 x 10^ cells total), 
was infused into each recipient mouse via caudal vein injection. As a positive control for 
GVHD prevention in all e^eriments, one experimental groiq> received splenocytes in which 
T cells were eliminated with anti-Thyl.2 + C- This treatment has been previously observed 
to eliminate all d^ectable natural killer cell function (Blazar, B JR. et al. (1988) 
Trcmspkmtcaion 4^:876) and at least 95 % of cytolsrtic T lymphocyte piecursers ^lazar, B JEL 
et aL (1990) Blood 1S;79S). 

hCTLA4-Tg protein preparation 

hCTLA4-Ig (constructed as described in Gimmi, C J5. et aL (1993) Froc Natl Acad 
ScL KM 2Q:6586) was purified by reacting widiinmobilized protein A 
protein A Chinese hamster ovary ceils, electroporated wi& an e:q>ression vector containing 
the extracellular portion of hCrrLA4 joined to the CHi-Hmge-C3l2-CH3 domams derived 
from a human genomic IgGl gene, with immobilized protein A. Purified hCllA4-Ig 
consisted entirdiy of the dimeric form. 

Anti-LFA-1 mAb preparation 

An anti-LFA-1 alpha chain mAb (anti-CDl la) (hybridoma FD441.8, rat IgG2b, 
kindly provided by Dr. Frank Fitch, University of Chicago, Chicago, IL; described in 
Smmiftnto, M, et aL (1982) Immunol Rev, ^;135) was used in the experiments- Ascites 
fluid from pdstane primed mice was concentrated by ammonium sulfate (SO %) pixxipitation 



wo 95/34320 



PCT/US95/07351 



-28- 

and was dialyzed against 0.1 M potassitnn phosphate (pH 7.5) (as described in Blazar, B.R. et 
al. (1991)5/oo^2S:3093-3102). 

Anti-IL- 2R mAb preparation 

An anti-IL-2R mAb (hybridoma PC61 5.3, rat IgGl , obtained fiom the American Type 
Culture Collection, Rockville, MD) was used in the experiments. Ascites fluid from pristane 
primed mice was concentrated by ammonium sulfate (50 %) precipitation and was dialyzed 
against 0.1 M potassium phosphate (pH 7.5) (as described in Blazar, B.R. et al. (1991) Blood 
2£:3093.3102). 

In vivo a dministration of agents 

For in vivo administration, mice were injected intraperitoneally (ip) with PBS, 
hCTLA4-Ig (250 jig/dose on days -1, 0 and then 100 jig/dose thrice weekly imtil day 28 post- 
BMT), and/or either anti-LFA-1 mAb (300 fxg/dose begiiming on day -1 and continuing twice 
weekly through day 29 post-BMT) or anti-IL-2R mAb (250 jtg/dose beginnmg on day -1 
through day +5, then 100 jxg on days +6 to +10, then continuing 100 fig thrice weekly 
through day 29 post-BMT). 

In vitro i ncubation of splenocvtes with agents 

To reduce the capacity of donor GVHD-causing splenocytes to respond to host 
alloantigens, an in vitro culture system was established in which donor splenocytes wrae 
exposed to host splenic alloantigens under conditions fevoring the development of donor 
anti-iost specific hyporesponsiveness. In initial experiments, donor C57BL/6 splenocytes 
were suspended at a concentration of 8 x 1 0^/ml in Dulbecco's fnininial essential medium 
(DM^4), 10 % fetal calf s^a (commercial brand Hyclone), 2-merc^toetbanol (x lO-M-^), 
andamino acid and antibiotic supplemrats. bradiated (30-33 Gy) host splenocytes, 
suspended in the media, sera, and si^lements described above, were sham treated or 
incubated with hCTLA4-Ig (50 yi^mS!) and/or various mAbs (150 jtgAnl) for 30 minutes at 
4**C. At the end of this brief incubation, the suspension was not washed, but was diluted to a 
final concentration of 8 x 10^ cells/ml and then combined with the donor splenocytes. Up to 
9.6x lO^eachof donor and host splenocytes were added in a total of 150 ml in 225 cm2 
flasks and placed at 37 ''C and 10 % CO2 for a period of 2.5 to 4 days as indicated. 

In other experiments, the in vitro treatm^t protocol was alt»ed to target donor anti- 
host primed cells. The in vitro culture system described above was modified to first allow a 3 
day time period for priming donor splenocytes to irradiated host alloantigens. At the end of 
the incubation period,^ bulk culture was washed, lesospended at a concentration of 50 x 
1 O^^ol and combined witii 50x1 O^/ml anti-Tl^r 1 ^ -f- C treated BM to a:eate a BMS 
prepaiati orL hCTrLA4-Ig (50 iig/mT final concmtration) and/or anti-LFAl mAb (150 fxg^ml 
final concentration) or PBS were added to the BMS p ietKiration fin: 3 hours at 3 T*C to pennit 
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B7 ligand saturation. The BMS preparation was infused without additional manipulation. 
Each recipient received 0.5 ml containing 25 x 10^ BM cells and 25 x 10^ splenocytes via 
caudal vein injection. As indicated, recipient groups received PBS, hCTLA4-Ig, and/or anti- 
LFAl in vivo according to the dose and schedule detailed above and as indicated in the 
Results sections below. 

In some experiments, an alternative approach to reduce T cell costimulation was 
compared to hCTLA4Ig incubation. Rather than irradiate stimulators, B10,BR stimulator 
splenocytes (20 x lO^/ml) were incubated with paraformaldehyde (0.15%) for 60 minutes at 
4 ^'C. Stimulator cells were then washed, resuspended at 8 x lO^/ml and combined with 8 x 
1 O^/ml responder cells (B6 splenocytes) for a period of 2.5 or 4 days as a priming step. The 
responder cells were then combined with donor BM cells, to form a BMS preparation, and 
the BMS preparation was administered to recipient animals as described above. 

In representative experiments, aliquots of the in vitro incubated bulk cell population 
were removed for flow cytometry (FCM) and/or assessment of proliferation by tritiated 
thynudine incoiporation by conventional procedures. In all experiments, at the end of the 
2.5-4 day incubation period, the bulk population was washed three time with media, 
resuspended, and added at a 1 : 1 ratio to anti-Thy 1 .2+C' treated BM. 

Statistical Analyses 

Group comparison of continuous data were made by Student's t-test Survival data 
were analyzed by lifetable methods using the Mantel-Peto-Cox suxmnary of chi-square 
(Mantel, N. (1966) Cancer Chemother. Rep. 5Q:163). Probability (p) values <0.05 were 
considered significant. 

Expmmentl 

In Ibis e}q>erim^^ tiie GVHI>-inhibitoiy effect of using hCrLA4Ig alone or together 
wifli anti-LFA-1 or anti-IL-2R was evaluated in a combined m vitro/in vivo treatment 
legimen (as described above in the Methodology). The following treatment conditions were 
used: 

In FjYto Treatment 

hCTLA4-Ig 50 ngfyxd added at tiie end of a 3 day MLR of donor splenocytes and 

irradiated recipient cells, for 3 hours at 37 ^C, either alone or in combination 
with eHher anti-IL2-R or anti-LFA-1, each at 150 fig/inl. 
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In VrvQ Trg^gm 

hCTLA4Ig 250 (ig on days -1 and 0, then 1 GO jig thrice weekly through day 28, alone or 
with either: 

anti-IL-2R 250 pg on days - I to +5, then 100 ^xg on days 6-10, then thrice weekly 
through 28 

anti-LFA-1 300 jig on days -1 through +29 twice weekly. 

The results are shown in Figure 1, which depicts the proportion of surviving mice as a 
function of the number of days post-BMT, and Figure 2, which depicts the mean weight in 
grams of the mice as a function of days post-BMT. The 50 % survival rate of control (PBS 
treated) animal s was only about 25 days post-BMT, whereas 50 % of mice treated with 
CTLA4Ig survived about 60 days post-BMT. Greater than 50 % of mice treated with either 
CTLA4Ig and anti-LFA-1, or CTLA4Ig and anti-IL-2R, survived beyond 100 days post- 
BMT, Since all in vivo treatment was stopped by day 29 post-BMT, the results indicate that 
CTLA4Ig treatment in vitro and in vivo^ alone or in combination with anti-LFA-1 or anti-LL- 
2R, can induce long-term inhibition of T cell responses, consistent with induction of T cell 
unresponsiveness, or anergy, to alloantigens. 

Experiment 2 

In this e?q)eriment, the following treatment regimens were evaluated: 

CTLA4Ig alone, in vitro and in vivo 
anti-LFA-1 alone, in vitro and in vivo 
CTLA4Ig + anti-UA-1, in vivo only 
CTLA4Ig + anti-LFA-1, in vitro and in vivo 

The conditions for the treatments were the same as described in Experiment L Tlie results 
are shown in Figure 3 (proportion surviving) and Figure 4 (mean weight in grams). 
CTLA4Ig or anti-LFA-1 treatment alone (in vitro and m vivo) prolonged the 50 % survival 
rate of the animals compared to PBS treated control animals. Coadministration of CTLA4Ig 
and anti-LFA-1 (in vivo only) prolonged the survival rate even long^ compared to control 
treated animals. Animals treated both in vitro and in vivo with a combination of CTLA4Ig 
and anti-LFA-1 exhibited the longest survival rate post-BMT compared to control animals. 
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Experiment 3 

In this experiment, a combined in vitro/in vivo treatment regimen was used with 
CTLA4Ig together with anti-LFA-1. Donor splenoc)^es were cultured with irradiated 
recipient cells for 3 days in an MLR prior to addition of CTLA4Ig and anti-LFA-1 for the 
final three hours of culture ("primed" ceDs). Alternatively, donor splenocytes were cultured 
with irradiated recipient cells in the continuous presence of CTLA4Ig and anti-LFA-1 ("non- 
primed"). Treatment of the recipient mice with CTLA4Ig and anti-LFA-1 was continued in 
vivo following transplantation. The treatment conditions were as described in Experiment 1 . 
The results are shown graphically in Figure 5 (proportion sxnrviving) and Figure 6 (mean 
weight in grams). Recipients of non-primed splenocytes cultured in vitro with CLTA4Ig and 
anti-LFA-1 exhibited longer survival post-BMT compared to control (PBS) treated mice. 
Preculture of donor splenocytes with recipient cells (i.e., priming) prior to culture with 
CTLA4Ig and anti-LFA-1 in vitro resulted in even longer survival post-BMT compared to 
control treated animals. The results indicate that while priming of donor T cells to recipient 
alloantigens prior to treatment is not essential for the GVHD inhibitory effects of CTLA4Ig 
and anti-LFA-1, inclusion of the priming step in the treatment regimen can increase the 
inhibitory effects of the agents. This data is consistent with primed T cells being more 
susceptible to inhibition (e,g,, anergy induction) than non-primed T cells. 

Experiment 4 

In this experiment, the following treatment regimens were evaltiated: 
CTL A4Ig alone, in vitro and in vivo 

CrLA4Ig + anti-IL-2R, in vitro, then CTLA4Ig alone in vivo 
CTLA4Ig + anti-IL-2R, in vitro and in vivo 
CTLA4Ig + anti-LFA-1, in vitro and in vivo 

The conditions for the treatments were the same as described in Experiment 1. The results 
are shown in Figure 7 (proportion surviving) and Figure 8 (mean wdgbt in grains). The use 
of CTLA4Ig alone (m vitro and in vivo) extended the SO % survival rate of recipients 
compared to control (PBS) treated animals (about 60 days vs. about 42 d^s, lespecdvely). 
The combined use of CTLA4Ig and anti-LFA-1, or CTLA4Ig and anti-IL2R« prolonged the 
survival rate of the animals even furdier (50% survival greater tiian 100 days for either 
treatment). Again, inhibition of GVHD was long-tenn and i>eisisted a&a cessation of in vivo 
treatment, consistent with induction of T cell unresponsiveness, or anergy, to alloantigens. 



wo 95/34320 



PCT/US95/07351 



-32- 

In this experiment, in vitro anergy induction by CTLA4Ig alone was examined. B6 
splenocytes (8 x 1 0^) were incubated with irradiated B 1 O.BR stimulators (1:1 ratio) in the 
presence and absence of hCTLA4Ig (50 p,g/ml). A third group of donor splenocytes was 
incubated with non-irradiated, paraformaldehyde-fixed (0.15 %) host splenocytes. 
Paraformaldehyde fixation prevents the release of and/or induction and surface expression of 
costimulatory molecules on host APCs. Splenocytes were maintained for 3 or 4 days before 
overnight pulsing with tiitiated thymidine. A cpm (cpnie^cpcrimental - cpniautologous response) 
are listed as mean values x 1 0*3. The % recovery is # responders remaining on the day listed 
divided by input cell # x 100 %. 

day 3 day 4 

/jnv/^<? treatment %recoverv A cpm r% contron %recoverv A cpm r% contrnn 

control 63 33.1 (100%) 83 25.4 (100%) 

hCTLA4Ig (50 ^g/ml) 56 6.1 (18 %) 45 1 1.7 (46 %) 

paraformaldehyde 35 4.2(13%) 35 10.6 (42%) 



A 3 day culture is preferable to a 4 day culture, since the 3 day culture had a higher % 
recovery and a lower % of the control donor anti-host proliferative response in the treated 
groups. The data d^onstrate that the responder cells have been induced into a state of 
hyporesponsiveness, since (even after adjusting for the difference in % recovery with the 
control group) fiie treated groups, as compared to the control group, havea reduced 
proliferative response to the host Anti-jiost responses in the treated groups increased on day 
4, suggesting that tiie fiequency of donor anti-host responsive cells was lowered and a longer 
time was required for esqyansion as conspared to controls. 

To determiiie if fhis degree of inhibition was sufficient for GVHD protection in vivo^ 
a 3 day MIJl culture of the three grotips was set iQ). At the end of the 3 day s, the cells were 
extensively washed, resuspended and reinfused (25 x 10^ cells total) along with 25 x 10^ T 
cell-deleted bone marrow cells into B10.BR recipients (n^ mice/group). An aliquot of tiie 
donor cells was plated and pulsed with tritiated thymidine for 18 hours. Meancpm±l 
standard error of die mean (SEM) x 10-3 = o.9 ± 0,1 foj. autologous responses. 
Autologous cpms tave been subtracted from the total cpm to generate the % control 
response. 
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In vitro tre^tmgpt mean cpm (± 1 SRTvn % control response 

allogeneic control 40,4 (0.7) 100 

hCTLA4Ig 13.1 (0.5) 31 

0. 1 5 % parafomialdehyde 7.7 (0,6) 17 



The actuarial survival plot for the recipient mice is shown in Figure 9. The results 
indicate that donor anti-host responses are reproducible for CTLA4Ig and paraformaldehyde- 
fixation groups. Despite the fact that an identical number of 100 % viable cells were infused, 
recipients of either CTLA4Ig added to irradiated host APCs or paraformaldehyde-fixed APCs 
had higher actuarial survival rates as compared to the control incubated group (p= 0.056, 
0,057, respectively). The GVHD protective effect associated with a 69-83 % inhibition of 
donor anti-host responsiveness may have been minimized because the number of cultured 
splenocytes was so large (5x10^ fresh splenocytes is an LD95 for this strain combination). 
However, the results clearly demonstrate that in vitro donor cell fiinctional manipulation 
without any T cell depletion can reduce GVHD. It is important to emphasize that no in vivo 
agents were given, the T cell constituency was unchanged in the treated as compared to the 
control incubated group, and an identical number of viable cells were given. The GVHD 
protective effect was entirely the result of functional donor T cell alterations prior to BMT. 

Eypgriingpt<? 

In this experiment, phenolic and functional studies were performed on B6 
splenocytes cultured in vitro with allog^eic cells. 

Phenotvpic Analysis 

To detCTnine which cells wereinefetentially esqianding in vitro inHxo C57BL/6 anti* 
BIOJBR system and what activation antigens were being induced, 1^ mixed lynQ)hoG3rte 
reaction (MLR) cells were washed, harvested and phenotyped. Listed are the % positive 
cells. 
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Primed r^ponders had increased proportions of activated T cells* indicated by an 
increase in the percentage fCDSe"^ cells that expressed tbe activation antigens IL*^^ 
chain, B7-1, and CD69. B-cells were also activated and e}q>ressed B7-1 and IL-2R0ndicated 
by an increase in tiiepen»itage of B22(r^ cells csqiressing B7-1 an^ C3>4^TceIls 
w«e induced to express CD4SRB, an antigen found onIL-2 secreting Th "memory" cells. 
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The proportion of CD4"*' and CDS"*" T cells did not change, in contrast to the disproportionate 
increase in alloactivated CDS"*" vs. CD4'^ T cells in mice imdergoing GVHD in vivo. 

Functional Analysis 

In functional studies, the induction of B6 anti-bml2-specific hyporesponsiveness was 
evaluated in primary (1^) and secondary (2^*) MLR cultures. 

Optimized 1° MLR culture conditions were determined to include: 1) T cell depletion 
of stimulator cells, which reduced backgroimd responses; 2) respondenstimulator ratios of 
1:1, 1:2, and 1 :3 (8 x 10^ B6 responders/ml + 8-24 x 10^ irradiated bml2 stimulators/ml) set- 
up in bulk culture [These conditions provide roughly equivalent proliferative responses, as 
measured by Acpm determinations in a tritriated thymidine incoiporation assay. The assay 
was perfbmied by removing an aliquot at the end of the culture period, placing 1 x 1 0^ or 3 x 
105 cells into 96-well plates, pulsing overnight and then harvesting. The proliferative 
response peaked on day 5 of culture (average cpm range from 28.3-37.2 x 10^ for 3 x 10^ 
cells plated and 10.9 - 22.5 x 10^ for 1 x 10^ cells plated) and declines on days 6 and 7]; and 
3) precursor frequencies of B6 anti-bml2 cells proliferating in a 7 day limiting dilution assay 
(LDA) ranging from 1:1072 to 1:3696* 

To optimize the conditions for 2^* MLR cultures, several bulk MLR culture 
experiments were performed with B6 anti-bml2. Using a 1 : 1 respondenstimulator ratio 
(8x1 06 cells/ml each added to 225 cm2 flasks), the days of l"" MLR were varied (4-6 days), 
Ficoll-Hypaque density gradient centrifiigation was performed after 1 ° culture to remove 
residual stimulators and non-viable cells and to enrich for alloreactive populations (blast 
cells). Also, the number of days of rest between V and 2^ MLR cultures was varied (1-3 
days). Tliese manipulations did not result in a decrease in high autologous responses. 

Asameasuremeritof ana:gy inductiooaininaiiqiulated 1^ MLR cultured cells, a 
limiting dilution assay (LDA) analysis of B6 anti-bml2 proliferating T cell frequencies was 
performed. Two groups were coii^iaied for 1** and 2** MLR cultures. These groups differed 
only in the presence or absence of hCTLA4-Tg (50 fig/ml) added at the time of 1 MLR 
culture initiation. Bulk cultures of responders (B6 splenocytes) and irradiated, T cell 
depleted stuntilators (B103R splenoc^rtes) (1:1 rcsponden stimulator ratio; 5 x lO^/ml each 
in 225 cm^ flasks) were established according to conditions described in the Methodology 
section above. Following 4 days of incubation, an aliquot of cells was removed from each 
flask, placed into a 96-well plate, and pulsed overnight with tritiated thymidine to measure 
proliferation (1 ® MLR culture results). 

The remaining cells were coltored for 5 days, placed on a Ficoll-Hypaque gradient, 
washed 2 times, and counted to detenniiie die ovoaU yield after processiiig the l^MLR 
cultured cells. These cells woie di»j(ested 2 d^^ Following the 2 days f rest (determined 
to be the optimal rest period), cells were.wadied^aiuipla^ in limiting dilution (5 x 10^ - 
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Lung and colon stained frozen sections are summarized from tissues taken 5 days post-BMT. 
The major initial cellular influx in the lung and colon peaked on day 5 and in the liver, on day 
9. Controls contained only sparse cells positive for T cell or B7 antigens in the coIoil A 
sxmimary of the results is listed below according to the relative proportion of cells expressing 
5 each surface antigen: high, moderate (mod), low or none (-). Recipients of TCD BMS have 
virtually no detectable cells expressing CD3e, CD4, CD8, 37-1, or B7-2 and low numbers of 
Mac-l"^ and MHC class n+ cells. 
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From these studies, it can be concluded that CDS"*" T cells are the predominant 
inf la mmato ry cells present in the limg and colon early post-BMT. Also, B7-2 is induced to a 
high level in colon and liver by day 5 post-BMT, At this time, while B7-2 is also upregulated 
15 in the lung, the predominant B7 antigen is B7- 1 . The upregulation of B7 molecules could 
serve as a costimulatory ligand for T cell activation and expansion. The co-^q^ression of 
high densities of MHC class U antigens in the lung O'l^sxmiably on alveolar macrophages) 
could further amplify the activation/expansion process. ICAM-1 and ICAM-2 are 
upregulated in the spleen of mice tmdergoiiig GVHD and, for ICAM-2, in the colon as well. 

20 

E^eriment « 

In this e?q>eiiment, Ifae effect of anti-B7-l and/or anti-B7-2 antibody treatment on the . 
development of GVHD was analyzed. 

For this esqperiment, lO^ CE>4+ T cells obtained fiom lymph nodes of B6 Ly5J2 mice 
25 were injected into irradiated (600 Cs) bml2 recipient mice (day 0). The transplanted mice 
were further left xmtreated (PBS) or treated in vivo with either of flie following i^imCTs: 

hCTLA4Ig at 250 ng at day -1 and 0 and then 100 jig tiiree times a week; 
anti-B7-l antibody at 250 fxg at d^ -1 andOandthen 100 ^g diree times a weelq 
30 anti-B7-2 antibody at 250 jig at day -1 and 0 and flien 100 three times a weel^ and 

a combination of anti-B7-l and anti-B7-2 antibodies at 250 fig at day *1 and 0 and 
then 100 fig three times a week. 

Anti-B7-1 and anti-B7-2 monoclonal antibodies have been described, e.g^ Fieedman, 
A-S. et aL (1987) X bmmmol 122. 3260 (anti.B7-l), Chen, C et aL <i994) J. ImmtmoL 152, 
35 2105 and Hathcock, ILS. etal (1993) &fem:e 2fi2, 905 (anli-B7-2): - ^ 
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The percent survival of the mice having received the different regimens is represented 
in Figure 10. The results indicate that administration of either anti-B7-l or anti-B7-2 
antibodies alone prolonged survival of the mice. Moreover, administration of both anti-B7-l 
and anti-B7-2 antibodies together to the transplant recipient mice completely protected the 
mice from GVHD (i.e., 100% survival of the animals was observed). 

Thus, administration of either anti-B7-l or anti-B7-2 antibodies alone significantly 
inhibits development of GVHD and, more preferably, administration of a combination of 
both antibodies leads to long term protection from GVHD. 

Experiment 9 

In this example, the effect of anti-IL-12 or anti-IFN-y antibody treatment on the 
development of GVHD was investigated. 

In this example, 10^ CD4+ T cells obtained from lymph nodes of B6 Ly5.2 mice were 
injected into irradiated (600 Cs) bml2 recipient mice (day 0). The transplanted mice were 
either left imtreated (PBS) or were treated in vivo with one of the following regimens: 

anti-IL12 (C15.1 and C17.15) at 300 ^g twice a week from day -1 to day 21; 
anti-IFN-y (R4-6A2) at 300 jig twice a week from day -1 to day 21; and 
anti-B7-l (1G10.F9) and anti-B7.2 (GL-1) at 250 iig on day -1 and 0 and then at 100 
(ig three times a week until day 21. 

The percent survival of the mice transplanted and treated according to the above 
described protocol is shown in Figure 11. The results indicate that 100% of the mice having 
recdved flie anti-IFN-y antibody survived until at least day 26 following ibe ixijection of the 
alloreactive CD4+ T cells. Administration of a combinati on of an anti-B7-l and an anti-B7-2 
antibody to the mice also resulted in 100% survival of die mice (confirming fhe results of 
Example 8). Administration of anti-IL-12 antibodies was some^^diat less efficient ihaa the 
two previous treatments, but still resulted in protection of approximately 25% of the mice 
against GVHD. 

Experiment 10 

In the following example, tiie effect of administration of anti-CD2 in combination 
with anti-CD48, or anti-gp39 antibodies alone was examined. 

106 CD4+ T cells obtained fix>m lymph nodes of B6 Ly5*2 mice were injected into 
irradiated (600 Cs) bml2 recipient mice (day 0). The transplanted mice were dUiec left 
untreated (PBS) or were treated with one of tiie following legimCTs: 

' - anti-C3>2 and anti-CD48 antibodies at 300 ^g two times a week starting at day -1;. 
anti«gp39antibo<tyat200 ^g at days -1 tmtil day 5 and then at 200 figtwiceaweelq 
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anti-B7-l and anti-B7-2 antibodies at 250 jxg at day -1 and 0 and then at 100 \ig three 
times a week; 

hCTLA4Ig at 250 ng at day -1 and 0 and then 100 fig three times a week; 

Rapamycin at 1 .5 mg/Kg at day -1 until day 13 and then three times a week; 

mILlO at 30 ng at day -1 and 0; 

IL-12 at 1 p.g at day 0; and 

IL-12 at 1 ^g at day 0 and then 3 times a week. 

Anti-gp39 antibodies are described, e.g., PCT Patent Application No. WO 95/06666. 

The percent smvival of the mice is shown in Figure 12. The combination of anti-CD2 
and anti-CD48 antibodies significantly protected mice againts GVHD (e.g., 75% of the mice 
were alive at least 70 days following injection of the alloreactive T cells). Anti-gp39 
antibodies also prolonged survival of the mice (eg., 62% of the mice were still alive at least 
70 following the injection). As observed previously, CTLA4Ig mice did not have a strong 
effect in protecting the mice against GVHD. 

Experiment 1 1 

In this example the efifect of an antibody against the adhesion molecule ICAM-2 in 
preventing GVHD was analyzed. 

In this example, T cell depleted bone marrow, sijpplemented with spleen cells from 
BR mice, was injected into irradiated (900 TBI) B6 mice, as described above. The 
transplanted mice were either left untreated or treated with one of the following regimoos: 

anti-ICAM-2 antibody at 300 jtg twice a week fiom day -1 to day 28; 

anti-LFA-1 antibody at 300 fig twice a week fiom day -1 to day 28; and 

anti-gp39 at 200 Jig at d^ -1 until day 5 and then twice a week. 

In another exprnment, tiie donor cells were first treated with an antibocfy reactive 
with NK cells (NKl.l) and fiuther with conq)lcment to delete NK cells &om the donor cells. 

The percmt survival of the mice is shown in Figure 13, As previously described, 
treatment with either anti-LFA-1 or anti-gp39 prolonged survival, WMle not as eflFective as 
these treatments, the anti-ICAM-2 antibody also resulted in prolonged survival indicating that 
anti-ICAM-2 treatment can inhibit the development of GVHD. 

Experiment 12 

This example shows the effect of anti-IL-4 antibody on T cell responses in a mixed 
lymphocyte reaction, 

T determine whetiiern>-4 production cotdd account, at least in part, for the anti- 
bml 2 responses in B6 CD4''~ T cells, an MLR culture was set in the ahsence or presence 
ofa saturating concenlratiQn (SO ^g^nQ of purified anfi-II>4mAb (11^^ TheMLRswere 
performed as desoibed above widi 1 x 10^ B6CD4'^lynqih node cellsAwell along with Sx 
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10^ TCD, irradiated bml2 splenic stimulators. Additional agents were also added to some 
MLRs for determining the effect of these agents in preventing alloresponses. The agent 
amoxmts were > saturation [150ng/ml intact mAb, 50fig/ml for the other agents, except 20p. 
g/ml for HSA], Triplicate wells were pulsed after 4, 5 or 7 days. Day 5 was the day of peak 
proliferative response and therefore is used for illustration. The results are presented below: 

^No anti-IL-4 mAb anti-IL-4 mAb 



Group total cpm %control total cpm %control 

B6anti-B6 2,725 - 6,190 

B6anti-bml2 328,007 100 150,640 46 

+hCTLA4-Ig 28,312 9 37,929 12 

+aB7-l 223,358 68 96,084 29 

•faB7-2 128,439 39 59,285 18 

+aB7.H-aB7-2 21,164 6 51,811 16 

+aCD28F(ab')2 50,941 16 46,600 14 

+HSA 251,802 77 123,819 38 

+aCD48 + aCD2 146,334 45 67,024 20 



The results indicate that IL4 protein accounts for approximately 50% of the 
proliferative response in B6 CD4^ T cells responding to bml2 alloantigens. Thus, blocking 
the efifect of IL-4 significantly reduces alloresponses, indicatii^ tiiat anti-IL-4 antibodies are 
likely to be useful for inhibiting GVHD either alone or in combination with other agents. 

EOUTVAT.rasJTS 

Those skilled in the art will recognize, or be able to ascertain using no more than 
routine experimentation, many equivalrats to the specific embodiments of tiie invention 
described herein* Sudi equivalents are intended to be encompassed by the following claims. 
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CLATMS 

1 . A method for inhibiting a response by a T cell to an antigen, comprising contacting 
the T cell with: 

5 a) a first agent which inhibits a costimulatory signal in the T cell; and 

b) a second agent which inhibits adhesion of the T cell to a cell which presents 
antigen to the T cell, 

the first and second agents thereby inhibiting the response by the T cell to the antigen. 

10 2. The method of claim 1 , wherein the first agent inhibits an interaction between a 

receptor on the T cell and a costimulatory molecule on a cell presenting antigen to the T cell. 

3 . The method of claim 2, wherein the receptor on the T cell is CD28. 

15 4. The method of claim 2, wherein the receptor on the T cell is CTLA4. 

5. The method of claun 2, wherein the costimulatory molecule is B7-1 or B7-2. 

6. The method of claim 2, wherein the first agent is a soluble form of CTLA4. 

7. The method of claim 6, wherem the soluble form of CTLA4 is a human CTLA4- 
immunoglobulin fusion protein. 

8. The method of claim 2, wherem the first agent is an anti-B7-l antibody, or fiagment 
25 fliereot an anti-B7-2 antibody, or fiagment tbereo^ or both an anti-B7-l antibody and an 

anti-B7-2 antibody, or fi:agments thereof 

9. The method of claim 8, wherein the anti-B7-l antibody is an anti-human B7-1 
monoclonal antibody and the anti-B7-2 antibody is an anti-human B7-2 monoclonal 

30 antibody, 

10. The method of claim 1, wherein the first agent acts intracellularly to inhibit generation 
of a costimulatory signal in the T cell. 

35 11. The method of claim 1, wherein the second agent inhibits an interaction between an 
adhesion molecule on the T cell and a Ugand for the adhesion molecule on a cell presenting 
antigen to the T celL 



20 
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12. The method of claim 1 1, wherein the adhesion molecule is selected from the group 
consisting of LFA-1, ICAM-1, ICAM-2, ICAM-3, CD49, VLA-1, VLA-2, VLA-S, VLA-4, 
VLA-5, VLA-6, CD29, CD43, CD48, VCAM-1, CD52, CD56, CD59, CD61, CD62P, 
LECAM-1, ELAM-1, CD44, CD103, CD104 and Thy-1. 

13. The method of claim 1 1, wherein the second agent is an antibody, or fragment 
thereof, which binds either the adhesion molecule on the T cell or the ligand for the adhesion 
molecule on the cell that presents antigen to the T cell. 

14. The method of claim 13, wherein the second agent is an anti-LFA-1 antibody, or 
fragment thereof. 

15. The method of claim 14, wherein the anti-LFA-1 antibody is an anti-himian LFA-1 
monoclonal antibody, or fragment thereof. 

16. The method of claim 13, wherein the second agent is an antibody selected from the 
group consistmg of anti-gp39, anti-ICAM-1, anti-ICAM-2, and anti-CD2 together with anti- 
CD48. 

17. A method for inhibiting grafr versus host disease in a bone marrow transplant 
recipient, comprising contacting a first population of cells comprismg donor T cells in vitro 
with: 

a) a second population of cells v^ch esq^ress recipient alloantigCTs; 

b) a first agent vAnch inhibits a costimulatoiy signal in flie donor T cells; and 

c) a second agent vMch inhibits adhesion of the donor T cells to cells which 
express recq>ient alloantigais, 

the first and second agents thereby inhibiting a response by the donor T cells to the cells 
which express recipient alloantigens such that, upon administration of the first popidation of 
cells to the bone marrow transplant recipient, graft v^mts host disease in the recipient is 
inhibited. 

18. The method of claim 17, vdierein the first population of cells is selected from a group 
consisting of bone marrow cells, peripheral blood cells and splenocytes. 

19. The mediod of claim 17, Therein the first agesA is a soluble form of CTLA4. 

20. The method of claim 19, \rfierein the soluble fomi of CTLA4 is ahuman CTLA4- 
immunogi bulin fusion protdn. 
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21 . The method of claim 17, wherein the first agent is an anti-B7-l antibody, or firagment 
thereof, an anti-B7-2 antibody, or fiagment thereof, or both an anti-B7-l antibody and an 
anti-B7-2 antibody, or fragments thereof 

22. The method of claim 21, wherein the anti-B7-l antibody is an anti-human B7-1 
monoclonal antibody and the anti-B7-2 antibody is an anti-hviman B7-2 monoclonal 
antibody, 

23. The method of claim 17, wherein the second agent is an anti-LFA-1 antibody, or 
firagment thereof. 

24. The method of claim 23, wherein the anti-LFA-1 antibody is an anti-himian LFA-1 
monoclonal antibody, or fragment thereof 

25. The method of claim 17, fiuther comprising contacting the first population of cells 
with the second popidation of cells in vitro in the absence of the first and second agents, prior 
to contacting the first population of cells with the first and second agents in vitro. 

26. The method of claim 17, fiuther comprising administering the first population of cells 
to the recipient 

27. The method of claim 1 7, fiirther comprising administering the first agent to the 
recipient, the second agent to the recipient, or both the first and the second agents to the 
lecipienL 

2S. A method for inhibiting graft versus host disease in a donor bone marrow and donor T 
cell transplant tectpientj cnnfiprigmg flHminigff^ring th*^ irHpjgnf 

a) a first agent ^i^ch inhibits a costimulatory signal in the donor T cell; and 

b) a second agent i^ch inhibits adhesion of the donor T cell to a cell presenting 
antigen to the T cell. 

29. The method of claim 28, wherein the first agent is a human CTLA4-inmiunoglobulin 
fiision protein. 

30, The mettiod of claim 28, wherein the first agent is ain anti-B7-l antibody, or fi:agment 
thereoj^ an anti-B7-2 antibody, or fi:agment thereof or both an anti-B7-l antibody and an 
anti-B7-2 antibody, or firagments thereof 
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3 1 . The method of claim 30, wherein the anti-B7-l antibody is an anti-human B7-1 
monoclonal antibody and the anti-B7-2 antibody is an anti-human B7-2 monoclonal 
antibody, 

5 32. The method of claim 28, wherein the second agent is an anti-human LFA-1 
monoclonal antibody, or fragment thereof. 

33. The method of claim 28, wherein the second agent is an antibody selected from the 
group consisting of anti-gp39, anti-ICAM-1, anti-ICAM-2, and anti-CD2 together with anti- 

10 CD48. 

34. The method of claim 28, further comprising administering donor bone marrow and 
donor T cells to the recipient. 

15 35, A method for inhibiting rejection of donor allogeneic cells by a recipient of the donor 
allogeneic cells, comprising administering to the recipient: 

a) a first agent which inhibits generation of a costimidatory signal in a recipient 
T cell; and 

b) a second agent which inhibits adhesion of a recipioit T cell to a cell presenting 
20 antigen to the T cell. 

36. The method of claim 35, wherein the first agent is a soluble form of CTLA4. 

37. The method of claim 36, vdierein the soluble form of CTLA4 is a human C1'LA4- 
25 immunoglobulin fusion jmitein. 

38. The method of daim 35, wherein the first agent is an anti*B7-l antibody, or fragment 
thereof^ an anti-B7-2 antibocfy, or fi:agment thereoi^ or both an anti-B7-l antibody and an 
anti-B7-2 antibody, or fiiagments thereof, 

30 

39. The method of claim 38, wherein the anti-B7-l antibody is an anti-human B7-1 
monoclonal antibody and tiie anti-B7-2 antibody is an anti-human B7-2 monoclonal 
antibody. 

35 40. The mediod of daim 35, \^erein the second agent is an anti-LFA-1 antibody, or 
fiiagment tfaeieofl 

41. The method of daim 40, wherein the anti-LFA-1 antibody is an anti-human LFA*1 
monoclonal antibody, or fiagmoit dieteol 
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42. The method of claim 35, wherein the second agent is an antibody selected from the 
group consisting of anti-gp39, anti-ICAM-1, anti-ICAM-2, and anti-CD2 together with anti- 
CD48. 

43. The method of claim 35, further comprising administering allogeneic cells to the 
recipient. 

44. The method of claim 35, further comprising preadministering donor hematopoietic 
cells to the recipient prior to transplantation of the donor allogenic cells to thereby prime 
recipient T cells to donor alloantigens. 

45. The method of claim 35, ^^erein the donor allogeneic cells comprise a tissue or 
organ. 

46. The method of claim 45, wherein the tissue or organ comprises liver, kidney, heart, 
limg, pancreatic islets, intestine, colon, or skin. 

47. The method of claim 35, furth^ comprising contacting the donor allogenic cells with 
the first and seond agents in vitro prior to administration of the first and second agents to the 
recipient 

48. A method for inhibiting a response by a T cell to an antigen, comprising contacting 
the T cell with: 

a) a first agent ^^ch inhibits a costimulatory signal intheTcell; and 

b) a second agCTt vAnxSIx inhibits a prolifa:ati ve signal in the T cell, 
the first and second agents thereby inhibiting the response by the T cell to the antigen. 

49. The method of claim 48, herein the first agent inhibits an interaction between a 
receptor on the T cell a costimulatoiy molecule on a cell presenting antigen to the T cell. 

50. The method of claim 49, \^dierein flie receptor on the T cell is CD28. 

51 . The method of claim 49, wherein the receptor on the T cell is CTLA4. 

52. The method of claim 49, herein the costimulatory molecule is B7-1 or B7-2. 



53. The me^Kxl of daim 49, iT^dierein the first agent is a soluble form of CTLA4. 
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54. The method of claim 53, wherein the soluble fomi of CTLA4 is a human CTLA4- 
immunoglobulin fusion protein. 

55. The method of claim 49, wherein the first agent is an anti-B7-l antibody, or firagment 
thereof, an anti-B7-2 antibody, or fi-agment thereof, or both an anti-B7-l antibody and an 
anti-B7-2 antibody, or fragments thereof 

56. The method of claim 55, wherein the anti-B7-l antibody is an anti-human B7-1 
monoclonal antibody and the anti-B7-2 antibody is an anti-human B7-2 monoclonal 
antibody. 

57. The method of claim 49, wherein the first agent acts intracellularly to inhibit 
generation of a costimulatory signal in the T cell. 

58. The method of claim 49, wherein the second agent inhibits an interaction between a 
receptor on the T cell and T cell growth factor. 

59. The method of claim 58, wherein the T cell growth fector is selected from the group 
consisting of interleiikin-la, interleukin-ip, interleukin-2, interleuIdn-4, interIeukin-6, 
interleukin-7, interleukin-9, interleukin-lO, interleukin-12, interlet3kin-15, interleuldn-T, and 
interferon-gamma. 

60. The method of claim 58, wherein the second agent is an antibody vMch binds either 
to the receptor on the T cell orto theT cell growth factor. 

61. The method of claim 60» wherein the second agent is an anti*interleBkin-2 receptor 
antibody, or fiagment thereof 

62. The mefliod of claim 49, wherein the second agent acts intracellularly to inhibit 
generation of a proliferative signal in the T cell. 

63. A method for inhibiting graft versus host disease in a bone marrow transplant 
recipient, comprising contacting a first population of cells conqsrising donor T cells in vitro 
with: 

a) a second population of cells i^ch e?q)ress recipient alloantig^is; 

b) a first agent ^^ch inhibits a costimulatory signal in the donor T cells; and 

c) a second agent vAnch inhibits ajiroliferative signal intiie donor T cells, 
the first and second agents tiioieby inhibiting a response by tiie donor T cells to tiie cells 
which express recqnent alloantigens, such that upon administration of the first i)opulation of 
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cells to the bone marrow transplant recipient, graft versus host disease in the recipient is 
inhibited. 

64. The method of claim 63, wherein the first population of cells is selected fi-om a group 
5 consisting of bone marrow cells, peripheral blood cells and splenocytes. 

65. The method of claim 63, wherein the first agent is a human CTLA4-immiinoglobulin 
fusion protein. 

1 0 66. The method of claim 63, wherein the first agent is an anti-B7-l antibody, or fragment 
thereof, an anti"B7-2 antibody, or fiagment thereof, or both an anti-B7-l antibody and an 
anti-B7-2 antibody, or firagments thereof. 

67. The method of claim 66, wherein the anti-B7-l antibody is an anti-human B7-1 
1 5 monoclonal antibody and the anti-B7-2 antibody is an anti-himian B7-2 monoclonal 
antibody. 



20 



68. The method of claim 63, wherein the second agent is an anti-interleukin-2 receptor 
antibody, or fi:agment thereof. 

69. The method of claim 63, further comprising contacting the first population of cells 
with the second population of cells in vitro in the absence of the first and second agents, prior 
to contacting the first population of cells with the first and second agents in vitro. ' 

25 70. The method of claim 64, further comprising administering the first population of cells 
to1herecq)iCTt. 

71. The method of claim 63, further comprising administering the first agent to the 
recipient, the second agent to the recipient, or both the first and the second agents to Hie 

30 ledpienL 

72. A p harm a c eutical composition suitable for administration comprising an amount of a 
human CTLA4-immunoglobuIin fusion protein and an amount of an anti-human LFA-1 
antibody in a pharmaceutically acceptable carrier. 

35 
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73. A pharmaceutical composition suitable for administration comprising 

a) an amount of a first agent selected from the group consisting of an anti-human 
B7-1 monoclonal antibody, or fragment thereof, an anti-htmaan B7-2 monoclonal antibody, or 
fragment thereof or both an anti-hxmian B7-1 monoclonal antibody and an anti-human B7-2 

5 monoclonal antibody, or fragments thereof; and 

b) an amount of an anti-human LFA-1 antibody, 
in a pharmaceutically acceptable carrier. 

74. A pharmaceutical composition suitable for administration comprising an amoxmt of a 
1 0 human CTLA4-immimoglobulin fiision protein and an anti-human interleukin-2 receptor 

antibody in a pharmaceutically acceptable carrier. 

75. A pharmaceutical composition suitable for administration comprising 

a) an amount of a first agent selected from the group consisting of an anti-human 
1 5 B7-1 monoclonal antibody, or fragment thereof, an anti-hiraian B7-2 monoclonal antibody, or 

fragment thereof or both an anti-human B7-1 monoclonal antibody and an anti-human B7-2 
monoclonal human, or fragments thereof; and 

b) an amoxuxt of an anti-human interleiikin-2 receptor antibody, 
in a pharmaceutically acceptable carrier. 

20 

76. A method for inhibiting graft versus host disease in a donor bone marrow and donor T 
cell transplant recipient, comprising administering to the recipient at least one agent which 
inhibits a costimulatory signal in the donor T cell. 

25 77. The method of claim 76, vsdieiein the at least one agent is a combination of anti-B7-l 
and anli-B7-2 antibody. 



wo 95/34320 PCT/DS95/07351 



V13 



Oi 

a 




ONIAIAUnS NOlXUOdOUd 



wo 95/34320 



PCT/US9S/07351 



2/13 




SmH9 Nl IH9I3M NVSW 



wo 95/34320 PCT/OS95/07351 

3/13 




wo 95/34320 



PCT/US95/07351 



4/13 




wo 95/34320 



PCT/US95/07351 



5/13 




wo 95/34320 



PCT/US95/07351 



7/13 




ONIAIAUnS NOLLUOdOUd 



wo 95/34320 



PCr/US95/07351 




wo 95/34320 



PCT/DS95/07351 



9/13 




ONIAlAHns NOLLUOdOUd 



wo 95/34320 



PCTAJS95/07351 




_ T ' 1 I 1 1 T— 

o o o p 6 ooo 
o 00 »^ <S to ^ ro 

~ % SURVIVAL 



o 

CM 



— I — 

o 



wo 95/34320 



PCT/DS95/07351 



11/13 



CM 

m 
I 



o 



o 

Ll- 



H 

a 



I 



I 



O 

— >r 



--6 



CO 

m 

CL 



O 
rO 



O 



O 
CO 



to flj 

< 

of 
in *^ 

o 



o 



O 

CM 



O 05 



oooooooo 

OD CD lo CD ro CM — 

% SURVIVAL 



SUBSTITUTE SHffiT (RULE 26) 



wo 95/34320 



PCrAJS95/07351 



12/13 



ro 

CL 
I 



E 

CVl 

1. 



CJ 
CD 



I 



o 

c 
a 



00 

o 

I 



o 

•a 
cz 
a 

CM 
O 
O 
I 



o 

-O 



5 



"o 
o 

Q. 
O 

a: 



I 
I 

-6 



J 



< 



o 

rO 



O 



o 

00 



o 



Oco 
< 

or 



CO 

to 



=! Ji ro 



o 

— o 

— ^ 

CD 



O 
O 



o 
a> 



o 

00 



o 



I 

o 

CD 



— r— 

o 
to 



o 



lO 



o 

CM 



-O 



%SURVIVAL 



SUBSTITUTE SHEET fP' = ocx 



wo 95/34320 



PCT/DS95/07351 



13/13 



-o 
o 



o 



o 

"00 



ro 

CD 



<D 

£ 

CL 

E 
o 
o 



t 



c 
o 



^ 



CP I 



3- 



CM 
I 

< 
O 



o 

< 

oo! 

lO CO 

< 
or 
I- 

^ CO 

o 

to Q 



-O 



I 

o 



o 
o 



o p o o o o 

CD h- CD (O ^ ro 
%SURVIVAL 



I I 

o o 

CM — 



SUBSTITUTE SHEET (RULE 26) 



PCT/US9S/073S1 




wo 9S^20 



V13 



PCr/US95rtn351 




wo 95/34320 



PCT/US9JW7351 




wo 95/34320 PCT/U5<^5y07351 

4A3 




PCT/US5»fl7351 



5/X3 



c 




Wo 55/34320 

6/13 




SiniVUO Kl IKOBM Kvm 



W095.'3432a 



PCTrtIS!)i'07351 




wo 



PCT/lJS9Si<I7351 



8/13 




wo f>5/34320 



PCTAJSS3&'073S? 



10/ 18 



.o 

CO 



CO 

o § 

m 



i: 
I . 



.J.;.. J. 



li 

I : 



4' 



O 



— r- 
O 
0> 



o 

CO 



^ g § $ 

% SURVIVAL 



~-r- 
O 
ro 



I 

< 



CD 

< 
-J 
a. 
o ^ 

or 

I- 

in 

i 

o 



— r- 
O 
CM 



wo 9S34S20 



PCT/US9««73SI 



11 / 1» 



CM 
hi. 

m 

a 

•g 

o a 



H 
I 



I 



[ 



--6 
^ 



; 6 



CO 



o a> 00 



o o o o o o 
y3 lO t£> ro CM 

% SURVIVAL 



SUBSniUTi SHEET (RULE 26} 



wo 95/34320 



FCT/US95M7351 



12/ IZ 



r8 



o 
-a 



CVJ 
01 

o 



6 



I 

■6 



cd! 

U I 

( 

--<> 



53[ 



ro 

CL 
3 



£ 

1. 



3 



• 

o 
o. 

IE 



I 



-8 



.O 



8. 



ro 



I 

— o 



. □ 



CD 



ro 

f 



o 
o 



o 

0> 



o 

00 



■■IT- 



o 

CO 



ro 



.o 



8 2 



%SWV1VAL 



wo 95/34320 



PCr/OSdS/07351 



13/15 



-o 
o 



o 



o 

CO 



£2 

C9 



o. 

£ 
o 



9^ 
q; 




%SUEWrVAL 



SUBSTITUTE SHKT CflULE 26) 



«<SOOClOt <1MO_ff6M3ZMZrL> 



WORLD INTELLECTUAL PROPERTY ORGAhOZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ 

A61K 39/00, C07K 14/705, 14/725, 
16/28, 19/00 



A3 



(11) International Publication Number: WO 95/34320 

(43) Internationa] Publication Date: 21 December 1995 (21.12.95) 



(21) International Applicati n Number: PCT/US95/0735 ! 

(22) International Filing Date: 7 June 1995 (07.06,95) 



(30) Pri rity Data: 
08/255.267 
Not furnished 



7 June 1994 (07.06.94) US 
6 June 1995 (06.06.95) US 



(71) Applicant: REGENTS OF THE UNIVERSITY OF MIN- 
NESOTA [US/US]; 100 Church Slreet. Minneapolis. MN 
55455 (US). 

(72) Inventors: BLAZAR, Bruce. R.; 4350 Sussex Road. Golden 
Valley. MN 55416 (US). VALLERA. Daniel. A.; 8116 
West Franklin Avenue, St. Louis Park. MN 55426 (US). 

(74) Agents: MANDRAGOURAS, Amy. E. ct al.; Lahivc & 
Cockfield, 60 State Street. Boston. MA 02109 (US). 



(81) Designated States: AU. CA, JP. European patent (AT, BE, 
CH. DE, DK, ES, FR, GB, GR, IE. IT. LU. MC. NL PT 

SE). 



Published 

With international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

(88) Date of publication of the international search report: 

18 January 1996 (18.01.96) 



(54) TiU : METHODS FOR INHIBmNG ANTIGEN SPECIHC T CELL RESPONSES 
(57) Abstract 

Methods for inhibiting antigen-specific T cell responses by use of an agent which inhibits a costimulatoiy signal in T cells are 
disclosed. Preferably, both a first agent which inhibits a costimulatoiy signal in the T cell (e.g.. a CrLA4Ig fusion protein) and a second 
ag€«t which mhibits another T cell function, such as adhesion of the T cell to a cell presenting antigen to the T ccU. are used to inhibit 
antigen-specific T cell responses. For example, to inhibit adhesion of a T ccU to a ccU presenting antigen, an anU-LFA-1 anu'body can be 
»n conjunction with a CTLA4Ig fusion protein. Alternatively, another agent which inhibits a costimulatory signal in T cells such as 
an anu-B7.1 amibody or an anti-B7-2 antibody can be used with a second agent which inhibits a proliferative signal in the T cell e.g an 
aitti-11^2 receptor antibody. The methods of the invention are particulariy useful for inhibiting graft versus host disease and for inhibitine 
rejection of a transplanted tissue or organ. 



ISOOCCk .^WO_»G3482QA3JL> 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCT on the frmt pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kmplani 


MR 


Mauritania 


AU 


Aostrmlia 


GE 


GeoiK^ 


MW 


Malawi 


BB 




GN 


Goisca 


NE 


Nicer 


BE 


Bcl^iuni 


GR 


Greece 


NL 


NecfaertaDds 


BF 


Buricina Faso 


HU 


fiuAfary 
bdaad 


NO 


Norway 


BG 


Bulgaria 


IE 


HZ 


New Zealand 


BJ 


Benin 


IT 




PL 


Poland 


BR 


Bnzfl 


JP 


JapsD 


FT 


Poctugal 


BY 


Belsnis 


KE 


Keoya 


RO 


Romania 


CA 


Canada 


KG 




RU 


Russian Federation 


CF 


Ceoiral Africaa RepoUk 


KP 


DdDOcmic People's Repal>Ik 


SD 


Sudan 


CG 


COQfO 




of Korea 


SE 


Sweden 


CH 


Swftzcrtaod 


KR 


Republic of Korea 


SI 


Stovc&ia 


CI 


Cttc d^Ivoire 


KZ 


Kazakhstan 


SK 


Slovalcia 


CM 


Caxncfoon 


U 


Uechtenscetfi 


SK 


Senegal 


CN 


China 


LK 


So Lanka 


TD 


Chad 


CS 


Crerhoslovakia 


UJ 


Lmenihora^ 


TO 


Togo 


cz 


Czech Republic 


LV 


Latvia 


TJ 


Ta,pkiscn 


D£ 


Germany 
Dcnmffc 


MC 


Mooaoo 


TT 


THttidad aod Tobago 


DK 


MD 


Repobtic of Moldovm 


UA 


Ukraine 


ES 


Spam 


MG 


Madagascar 


US 


United States of America 


n 


FnbDd 


ML 


M^ 


vz 


Udwkittao 


FR 




MN 


MoQgo6a 


VN 


Viet Nun 


GA 


Gaboo 











tntcmati' " Ap^icAtion No 

PCT/US 95/07351 



A CLASSinCATION OF SUBJECT MATTER 

IPC 6 A61K39/00 C07K14/705 C07K14/725 C07K16/28 C07K19/00 



According to fntematioiul Patqit Qasnfication (IPC) or to both nationai clarification and IPC 



B. RELDS SEARCHED 



MmmiiOTi docimotUtton '^^"j^ (dasrification tystem followed by danificalion cymbols) 



Docujnenution ttirched oiher than minimum documentation to the extent that nich documents are included in the fields searched 



Electronic daU base consulted during Ow international tcarch (name of data base and, where practical, search tcmu used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Gtalioa of document, with indication, where appnspriate, of the relevant pasnfcs 



P.X WO-A-95 03408 (DANA FARBER CANCER INST INC 

:REPLIGEN CORP (US)) 2 February 1995 
see claim 142 et seq. 

P.X BLOOD. 

vol. 85, no. 9, 1995 
pages 2607-2618, 

BRUCE R. BLAZAR ET AL. 'Coblockade of the 
LFA1:ICAM and CD28/CTLA4:B7 pathways is a 
highly effective means of preventing acute 
lethal graft-versus-host-disease induced 
by fully major histocompatibility 
complex-disparate donnor grafts' 
see page 2611, left column, paragraph 2 - 
page 2611, right column, paragraph 2 

-/— 



Relevant to daim No, 



1-16, 
48-62 



17-34, 
63-71 



Patent family mcmben mrt listed in annex. 



' Special catcfortcs of cited docwncnti : 



•A* document defining the senerU ctate of ifae aft wiflch is oot 
cooaderedtobeofptfttadarrdevaaoe 

*£' ^rtio-doaimentbutpaUssbedonor allerihetiKcnut^^ 

nlit^ J date 

•L' docwnoM which may dvovdoubci on Sri 

«tech tt oted to cstatalidi ihe pufaltcation date ofuote 
ota&on or other tpeoal icam <as tpedfied) 

'O* documem referring to an ord disdosure, tne, oduln^ 
other means 

'P' document publtAcd prior to (he international filins date but 
later than (he priority date claimed out 



later doonneat ptifalisfaed after the interoational fUtng date 
or prioctty date and not tn conflict with the appli^han but 
dtedtt> underrttnd ihc principle or theory taStf^ 



Date of the actual completioD of die iatemabonal search 



^ doament of paniadar relevance; the daimed tovention 
cannot be consdered novd or cannot be consdend to 
involve an inventive step when tfke doctaneat is taken «Iooe 

*Y* document cf particular r d c vah ce; (he daimed tevendon 
caanot be oonadered to involve an inventive sup when the 
document is combined with one or more otticr such doco- 
mante, atdi n wnbin ation being obvious to a person skilled 
in (ne art. 

'A' document member of the same patent teniiy 



26 October 1995 



Date of mailing of die international search report 

0 8. IZ 95 



Name and mailing adAos of (he ISA 

S'^^Syo^fSSS?' 5SII Patendaan 2 
NL - 2380 HV Rlinriik 

Td.(-^3^m 340-2040, Tk. 31 ( 

PcbC-I' 31*10)^0.3016 



Authorised! 



I 651 cpoBi. 



Halle, F 



Fona PCTASA/ait CmcbM riMtQ (MrlftI} 



page 1 of 3 



4SOOCtOc •dM>_8S343aaAaJL> 



INTERNATIONAL SEARCH REPORT 



Inteituti AppIicAQon No 

PCT/US 95/07351 



C^Cononuatioo} DOCUMENTS CONSIDERED TO BE RELEVANT 



degory- 



Ctuaon of document, with indicatioa. where «pproprUte, of the relevant ptssafcs 



Relevant to claim No. 



BLOOD, 

vol. 82. no. 10 Suppl. 1, 1993 
page 456A 

B. R. BLAZAR ET AL. 'In vivo infusion of 
soluble CTLA4-Ig reduces lethal 
graft-versus-host-disease (GVHD) induced 
across the major histocompatibility 
complex (MHC) barrier in mice' 
see the last sentence 

TRANSPLANTATION, 
vol- 58, no. 10, 1994 
pages 1082-1090, 

PRABHAKAR BALIGA ET AL. 'CTLA4Ig prolongs 

allograft survival while suppressing 

cell -mediated immunity' 

see page 1089, left column, line 8 - line 

31 

TRANSPLANTATION, 
vol. 57, no. 12, 1994 
pages 1701-1706, 

THOMAS C. PEARSON ET AL. 'Transplantation 
tolerance induced by CTLA4-Ig' 

see page 1702; figure 1 

see page 1703, right column, last 

paragraph - page 1704 

JOURNAL OF SURGICAL RESEARCH, 
vol. 57, no. 1, 1994 
pages 60-64, 

STEVEN F. BOLLING ET AL. 'The effect of 
combination cyclosporlne and CTLA4-Ig 
therapy on cardiac allograft survival' 
see page 63, right column, last paragraph 

PERSPECTIVES IN DRUG AND DISCOVERY DESIGN, 

vol. 2, no. 1, 1994 

pages 221-231, 

PETER S. LINSLEY ET AL. 

' ImmunwujTpfeS'gl'bn" rff^^ CD28 receptor' 

see 'Organ transplantation' and 'Bone 

marrow transplantation' pages 227-229 

J. EXP. NED., 
vol. 178, 1993 
pages 1753-1763. 

VASSILIKI A. BOUSSIOTIS ET AL. '87 but 
not Intercellular adhesion molecule-1 
costlmulatlon prevents the induction of 
human alloantlgen-speclfic tolerance' 
see page 1761. last paragraph 

-/— 



1-34, 
48-71 



1-11» 

17-20, 

28,29. 

35-37, 

48,49, 

63-65 



1-11, 

17-20, 

28,29, 

35-37, 

48.49, 

63-65 



1-71 



1-71 



1-71 



KT/BA/31S(( 



aOOOOC <<W0l_JK3432QMUL> 



(MytMO) 



page 2 of 3 



1 



^j^.^^^^^^, — w i. ^^^^ ^..^^ k^a.K^ Intcmaci- Applicaoon No 

PCT/US 95/07351 


C.(Cont]nL 


lauon) DOCUMENT CONSrDEREO TO DE RELEVANT 




Outibn of documtnl, wiih indication, where appropnate, of Ui« relevant passages 


Relevant to daim No. 


Y 

A 
T 


SURGICAL FORUM, 
vol. 43, 1992 
pages 413-415, 

STEVEN F. BOLLING ET AL!' 'Inhibition of 
B7-induced CD28 T-cell activation with 
CTLA4Ig prevents cardiac allograft 
rejection :evidence for costiraulation ' 
see Discussion page 415 

PROC. NATL. ACAD. SCI. USA, 

vol. 89, 1992 

pages 11102-11105, 

LAURENCE A. TURKA ET AL. 'T-cell 

activation by CD28 llgand B7 is required 

for cardiac allograft rejection in vivo' 

see the whole document 

THE JOURNAL OF IMMUNOLOGY, 

vol. 155, no. 4, 1995 

pages 1757-1766, 

FRANCES T. HAKIM ET AL. 'Acute 

graft-versus-host reaction can be aborted 

by blockade of co stimulatory molecules' 

see the whole document 


1-11, 

17-20, 
28,29, 
35-37, 
48,49, 
63-65 



page 3 of 3 



•<SOOCK3t 4WO_0S343aQAaJL> 



7 



INTERNATIONAL SEARCH REPORT 

Iniormation on pAtcnt fsnily membcn 



Patent document 
cited in search report 



PubUcation 
date 



Intcrruti Application No 

PCT/US 95/07351 



Patent family 
meniber(t) 



Publication 
' dale 



WO-A-9503408 



02-02-95 



AU-B- 



7405294 



20-02-95 



Pom PCT/ISA/31t (Pi«aat teBfly VMS) (fttly 19*2) 



